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NOTE BY THE PUBLISHERS. 
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fuUy reviaeil by Profeasor E. 0. Kendall, and euch alterations and additions a 
were called for by the adianoe of the seienoo haie been made. 

E. C. & J. BiDIILK. 

Fhiladdphia, October, J854. 
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PREFACE TO THE FOURTH EDITION. 



The great and steadily increasing favour bestowed on 
this work, as modified by its author in 1842, would seem 
to indicate that no further changes were needed, or would 
be acceptable to teachers : the undersigned has therefore, 
in revising the third edition for the press, thought it best 
to confine bimself principally to a correction of typo- 
graphical, and other errors; and to such additions as the 
recent progress of the science demanded. Some additions 
have been made in the chapter on instruments ; and, 
throughout the First Part, such changes and modifications 
of the formulsB and demonstrations introduced, as have 
been dictated by eight years' experience in the use of this 
work as a class book. The tables of the elements of the 
planetary orbits, have been arranged in a more convenient 
form, and extended so as to include those of the new 
planets, as far as they are at present known. These ele- 
ments have been invariably derived from the most reliable 
sources. In the Second Part, very many inaccuracies 
have been corrected, and several problems and examples 
of a practical nature inserted. In connection with one of 
these problems, a table of reductions to the meridian has 
been given at the end of the book. With this exception, 
and that of an alteration in Table IX., adapting it to the 
present time, the tables are the same as those in the third 
edition. 

E. 0. Kekdall. 

Cent'Kd HigTi School, Philadelphia, Fdiniaryl, 18S1. 
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PREFACE TO THE THIRD EDITION. 



In prepai'ing this edition, the greater part has been 
■written anew and so modified as to increase the value of 
the work as a text book. Several of the more abstruse 
investigations of the First Part have been omitted, refer- 
ences being made to larger works, and others have been 
transferred to the Appendix. Many of the figures illus- 
trating the text have been rendered more perspicuous by 
a change in the construction, and a number of new ones 
are added. The progressive state of the science has 
claimed attention, and notices of recent results have been 
introduced. 

The Appendix, in addition to the other matter, contains 
Professor Bessel's late investigation of formulse for com- 
puting Solar Eclipses, Occultations and Transits, reduced 
to a more elementary form. In the Second Part, the for- 
mulfB are applied in the computation of these phenomena. 

The Tables are nearly the same as in the last edition. 
Instead, however, of some small ones, which have been 
omitted, a table of Logarithms, and one of Logarithmic 
Sines and Tangents to four decimal figures, have been in- 
serted. These are convenient in many computations not 
requiring greater precision. 

John Oummere. 

ffavwford School, 9mo. 1842. 
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ELEMENTAEY TREATISE 



ASTRONOMY. 



PART I. 



GBSERAL PHENOMENA OP THE HEAVEJTS — DEFINITIONS AND 
PEELIMINARY OBSERVATIONS. 

CP A^troi7omi/, or Plane Astronomy, is tlio science which treats 
of the motions, distances, magnitudes, and appearances of tte 
heavenly bodies. Physical Astronomy applies the principles of 
mechanics to explain their motions. 

2. Q-eiieral Ohsfrvations. If, on a clear night, we fix our atten- 
tion on the heavens, and continue to ohserve them at intervals for 
a. few hours, we maj, without the aid of any instruments, maie 
eome useful ohservations. It will be seen that the stars retain the 
same positions with regard to one another ; but that their positions 
with respect to the earth are continually changing. Those in the 
eastern part of the heavens become more and more elevated, and 
others that were not at first visible, come into view, or rwe. Those 
in the western part, descend lower and lower till they go out of 
view, or set. In the southern part, some will be observed to rise, 
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10 ASTRONOMY. 

aseend to amall elevations, a-nd then descend and set, to the west 
of their places of rising.* 

3. Qircumfolar Stars. If we direct onr attention towards the 
north, different phenomena are presented. In that part of the 
Keavens, there are many stars which do not set. Those that are 
descending continue to iJo so till they arrive at certain lowest 
points, and then begin to ascend. They appear to revolve or de- 
scribe cii'cles about a certain star which seems to remain stationary. 
This star is called the I'ole Star. All the stars tha-t do not Bet are 
oalled Oircumpolar Stars. 

@ JVorth Pole. When the pole star is more accurately observed 
by the aid of suitable instruments, it ceases to appear stationary. 
It is found to have an apparent motion in a small circle, round a 
certain point as a centre, or geometric pole, distant about If from 
it. This point is called the North Pole of the heavens, or simply 
the Mrth Pole. 

5. Diurnal Motion. If our observations are repeated on suc- 
cessive evenings, we find the same stars moving in the samo man- 
ner, and occupying, at any given time in the evening, very nearly 
the some positions with regard to the earth as at the same time the 
preceding evening. The stars, therefore, and indeed all the hea- 
venly bodies, appear to revolve round the earth from east to west, 
in about twenty-four hours. This motion is called the Diurnal 
Motion. 

(6) The Moon. If the situations of the moon be observed on suc- 
cessive nights, it will be found that she changes her position among 
the stars, moving among them from west to east: that is, in a di- 
rection contrary to that of the diurna! motion. By this motion she 
makes a complete circuit of the heavens in aboiit twenty-seven days. 

rh The Sun. The snn also appears to have this motion from 
ivest to east, among the stars. This may be inferred from ob- 
serving the position of different groups of stars after the sun has 

* Here and in. other parts of tlie work, imles3 the oontrti,vy is mentioned, the 
observer is supposed to be in the United Statea, or aouthom or middle parts of 



;;■ Google 



CHAPTER I. 11 

Bet. If our obaervations are repeated at intervals for some weeks 
or moEths, we elial! find that the son appears continTially to ap- 
proach the stars to the eastward of him. He thua, in the course 
of a year, appears to make an entire circuit of the heavens. 

Owing to this apparent annual motion of the sun, the groupa 
of stars visible at a given hoar in the evening, and their positions 
at that hour, are very different at different seasons of the year. 

^ Planeti. There are likewise several stars which have motions 
among the other stars, moving generally like the sun and moon, 
from west to east; though sometimes for short periods they appear 
to move in the contrary direction. These are called Planets. 

Five of the planets, named Mercury, Venus, Mars, Jupiter, and 
Saturn, are visible to the naked eye, and were known to the an- 
cients. Within the last seventy-five years, thirty-three others 
have been discovered with the aid of the telescope, without which 
they are invisible. Their names are Uranus, Neptune, Flora, 
Melpomene, OUo, Euterpe, Vesta, Iris, Metis, Phoeea, Massalia, 
Sehe, Lutetia, Parthenope, Forttina, Thetis, Amphitrite, Astrcea, 
Mgeria, Irene, Thalia, Sunomia, Proserpina, Juno, Geres, Pallas, 
Bellona, Calliope, Psyche, Sygeia, Themis;* these with the excep- 
tion of Uranus aod Neptune are called Asteroids. 

\^ Satellites, Observations with the telescope show that some 
of the planets are accompanied by one or more smaller bodies, 
whose positions are continually varying. These small bodies, are 
called Moons, Satellites, or Secondary Planets; those named in 
the preceding article being called Primary Planets. 

Of the Satellites known at this time, four revolve around Jupiter^ 
eight around Saturn, six around Uranus, and one around Neptune. 
10. Planetary Regions. The sun, moon, and planets, with 
their satellites, move through nearly the same region of the hea- 
vens, the courses of the moon and planets, except Pallas and one 
or two other Asteroids, not differing greatly from that of the sun. 

Q). Comets. There is a class of bodies that appear occasionally 
in various parts of the heavens, moving in various directions among 
the fixed stars, and only continuing visible for a few weeks or 
months. These are called Comets. 

A comet is not unfrequeatly accompanied by a faint brush of 
light, projecting from it on the side opposite the sua, and extending 
in some cases to a great distance. This is called the tail of the comet. 

* The names uf the two last discovered have not jet been aiiQijuuoetl. 
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J2 ASTRONOMY. 

12. The Earth. The earth is a body of a globular form. This 
may be inferred from the following well known facta. When per- 
sons on board a ship at sea, observe another ship receding from 
them, they first lose sight of the hull; then of the lower sails; 
afterwards of those that are higher ; and lastly of the most lofty 
sails. To an observer at the mast head, the receding ship con- 
tinues visible long after it has ceased to be seen by those on deck ; 
the different parts eventually disappearing to him in the same 
order as to those below. This takes place in whatever direction 
the ship recedes, and in whatever part of the ocean the observa- 
tions are made. Henco it follows that the surface of the ocean 
must bo globular; and as the general level of the land does not 
greatly differ from that of the ocean, the whole earth may be re- 
garded as a giobniar body. 

By methods that will be noticed in a subsequent chapter, it has 
been ascertained that the earth is nearly, though not exactly, a 
perfect sphere, and that its diameter is about 7912 miles. 

13. Fixed Stars. Those stars which do not sensibly change 
their positions with regard to one another are called Jixed stars. 
They are at an immense distance from the earth. This may he 
inferred from the fact that the angular distance of any two of them 
is found to be the same at whatever part of the earth the observa- 
tion is made. It hais indeed been ascertained by means which may 
hereafter be understood, that the distance is so immensely great 
that the angle contained between two lines conceived to be drawn 
from one of them to opposite sides of the earth must be less than 
the ten thousandth part of a second. We may therefore regard 
the diameter of the earth as an insensible quantity in comparison 
with the distance of the stars. 

In consequence of tbeir immense distance, the fixed stars appear 
merely as luminous points, even when viewed with telescopes of 
high power ; whereas the planets, when thus viewed, present sen- 
sible and measurable discs. 

Q4 Celestial Sphere. It is not supposed that the fixed stars are 
all at the same distance from the earth. But since their distances 
ai'e all so exceedingly great that no change of position on the 
earth produces any appreciable change in their positions with re- 
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gard to one another, we may regard them aa placed in the concave 
surface of an immense hollow sphere, having its centre at the centre 
of the earth. This imaginary sphere is called the Celestial Spliere. 

15. Diurnal motions of the fixed stars. Each star in its diurnal 
motion, moves uniformly, in a circle of which the north pole of the 
heavens is a geometric pole. The method hy which the truth of 
this proposition is established, will ho given in a subsequent chapter. 

16. Stars during the day. The strong light of the sun over- 
powering the feebler light of the stars renders them invisible to tbe 
naked eye during the day time. But by the aid of a telescope the 
brighter stars, except those near the sun, may 'be distinctly seen, 
and observations may be made on them in the full light of day. 

^p. Oopernican Syetem. Copernicus, a, celebrated Prussian as- 
tronomer, who flourished in the early part of the sixteenth century, 
formed a theory or system to account for the apparent motions of 
the heavenly bodies. According to this system, the apparent di- 
urnal motion from east to west is produced by a rotation of the 
earth from west to east, about a lino or axis passing through its 
centre and the north pole of the heavens : the apparent annua! mo- 
tion of the sun is produced hj a real motion of the earth, round 
the sun at rest; the planets also revolve round the sun at different 
distances and in different times ; and the moon revolves round the 
earth and with it round the sun ; the revolutions all being from 
west to east. The truth of this system, called, from its author, thc 
Oopemioan System, is confirmed by niany astronomical facta ; and 
no fact inconsistent with it is known to exist. Astronomers, there- 
fore, adopt it as the true system. Some confirmations of its truth 
will be noticed in subsequent parts of the work. 

^§1 Order of the planets. The order of the primary planets 
with regard to their distances from the sun, including the earth 
as one, and also those discovered since the time of Copernicus, is 
Mercury, Venus, the Earth, Mars, the Asteroids in the order given 
in Article 8, Jupiter, Saturn, Uranus, and Neptune. 

Mercury and Venus, having their orbits, or paths which they 
describe round the sun, within that of the earth, are called inferior 
planets. Tbe others, whose orbits are without that of the earth, 
are called superior planets. 
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Q^. Qharaeters. The foUoivmg charactei=!, by which the aun, 
moon, and planets are eometimes i.le=ignated, shouM be i. 
on tho memory of the student 
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In the above table the asteioids aie ai ranged m the oidei of 
their discovery. 

tij). Solar Si/stem. Thia expression simply implies the sun and 
bodies connected with him, as the planets and satellites, the earth 
and moon included, and cometa, without any reference to their 
arrangement. 

1^, Attraction of Gravitation. That force which causes a heavy 
body to descend to the earth, when left free to move, is called 
gravity, or tho attraction of gravitation. Sir Isaac Newton assum- 
ing this force to decrease in intensity in the inverse ratio of the 
square of the distance from the earth's centre, found that, at tho 
distance of the moon, it would be just sufficient to retain her in her 
orbit around the earth. Pursuing his investigations he found that 
the assumption of similar forces in the sun and planets, varying in 
the direct ratio of the mass of the body and the inverse ratio of .|he 
square of the distance, would account, on mechanical principles, 
for the motions of the latter, and for other known astronomical 
facta. He therefore inferred that attraction of gravitation is a 
universal property of matter, and that its intensity, or the force 
with which it acts, varies in the direct ratio of the mass, and the 
inverse ratio of the square of the distance. 
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This theory of universal gravitation is tte foundation of Physi- 
cal Astronomy ; which, originating with Newton, has, through his 
lahonrs and those of many eminent men since his time, as Clairaut, 
Euler, Lagrange, and especially Laplace, tecome a science of 
great extent. 

DEFINITIONS OF rBUMS. 

22. The Axis of the Heavens is an imaginary atraight line, 
joining the north pole of the heavens and centre of the earth, and 
extending to the southern part of the celestial sphere. It is the 
line about which the heavens appear to revolve. The point in 
which it meets the southern part of the celestial sphere is called 
the South PoU of the Heavens, or simply the South Pole. Thus, 
if C, Fig. 1, represent the centre of the earth, and P, the north 
pole of the heavens, then will PP' be the axis of the heavens, and 
P', the south pole. 

23. The North and South Poles of the Earth, are the points in 
which the axis of the heavens intersects the surface of the earth. 
Thus p and p' are the north and south poles of the earth. 

The lino pp', terminated by p and p', is called the axis of tJie 
earth. 

(^. The Celestial Equator, or simply the Equator, is the great 
circle in which a plane through the earth's centre, and perpendicu- 
lar to the axis of the heavens, intersects the celestial sphere. The 
circle EWQO represents the celestial equator. 

The north and south poles of the heavens, P and P', are evidently 
the geometric poles of the equator. 

1^. The Terrestrial Equator is the circle in which the piano of 
the celestial equator intersects the earth's surface. The semicircle 
ewq represents one half of the terrestrial equator.* 

(^5> A Declination Circle is any great circle which passes througn 

» The celestial equator is sometimss called flie Mquinoetial. More oommonly, 
howBTCT, aimply the term equator la applied both to the celoafial and terrestrial 
equator; tlie oonteit Bocring to deaignate whioh is intended. The same ohaerva- 
tioti applies to the termB, pole of the h-eayens and terrestrial polo. 
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the polea of the celestial equator. It intersects the equator at 
right angles. The circle PQP'E is a declination circle; and 
PSP', PS'P' are arcs of declination circles. 

(2J. The Declination of a heavenly body, or of any point in the 
celestial sphere, is the arc of a declination circle, intercepted be- 
tween the equator and the centre of the body, or the point. The 
declination is reckoned north or south, according as the body is on 
the north or south side of tbe equator. Thus DS is the declina- 
tion of a body at S ; it is north. 

The Polar Distance of a body is its distance from the north pole, 
measured on the arc of a declination circle. Thus PS is the polar 
distance of a body at S. The declination and polar distance are 
the complements of each other. 

It is also evident that the angle ^CS, contained between the 
earth's axis and a line joining the centres of the earth and body, 
expresses the polar distance of the body ; for this angle is mea- 

rcd by PS. 



Q. 



'li. The Vertical Line, at any place, is a straight line in the 
direction of gravity at that place : that is, in the direction of the 
plumb-lino when a plummet freely suspended, is at rest. The line 
AZ represents the vertical line at the place A. 

A plane that passes through the vertical line is called a Vertical 
Plane; A plane that is perpendicular to the vertical line is called 
a Horizontal Plane. 

Regarding the earth as a sphere, a vertical line produced down- 
wards passes through its centre. 

^^. The Zenith and Nadir are the points, above and below, in 
which the vertical line at a place meets the celestial sphere. Thus 
Z is the aenith and N the nadir, of the place A. 

ISOJ The Horizon of a place, or, as it is sometimes called, the 
Semible Horizon, is the circle in which a plane passing through 
the place, and perpendicular to the vertical line at the place, cuts 
the celestial sphere. The plane itself is also frequently called the 
Jiorizon. 

The national Horizon is the circle in which a plane through the 
earth's centre, and parallel to the sensible horizon, cuts the celes- 
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tial sphere. The circle JIORW reju'esonts Ihe rational liorizon of 
the place A.* 

With reference to the fixed stars, the sensible horizon may bo 
regarded as being the same with the rational horizon (13). 

31, The Meridian of a place is the declination circle which 
passes through the zenith of the place. It cuts the horizon at 
right angles in two opposite points, called the ncrth and south 
points of the horizon. The circle HPZRN is the meridian of the 
place A; and H and B are the north and south points of the 
borizon. 

I§^ A Vertical QircU is any great circle which passes through 
the zenith and nadir of a place. It cuts the horizon at right angles. 
The meridian ZENH is a vertical circle, and ZSB, ZS'B' and 
ZS"B" are arcs of vertical circles. 

§3, The Prime Vertical is that vertical circle which is at right 
angles to the meridian of a place. It cuts the horizon in two op- 
posite points, called the emt and west points of the horizon. The 
straight line ZN represents the prime vertical, seen edgewise ; and 
and W, the east and west points of the horizon. 

%^. The Altitude of a heavenly body is the arc of a vertical 
circle, intercepted between the horizon and the centie of the body. 
Thus BS is the altitude of a body at S ; and E.M is the altitude of 
a body on the meridian at M. The latter is called the meridian 
altitude. 

S^ The Zenith Distance of a body is its distance from the zenith, 
and is equal to the complement of the altitude of the body. Thus 
ZS is the zenith distance of a body at S. 

S^ The Azimuth of a body is the arc of the horizon intercepted 
between the north or south point of the horizon, and a vertical 
circle through the centre of the body. Thus BR is the azimuth 
of a body at S ; from the Bouth towards the west. 

The altitude and azimuth of a heavenly body aro the co-ordinatea 
that determine its position with reference to the horizon and me- 
ridian of a place. 

* Ti) avoid oonfuaion in the figure, the sensible lioriaou is not represeuted 
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ST. The Oulmination of a, body is the passage of its centre over 
the meridian of a place. This is also called the Transit of the 
body over the meridian. 

The circumpolar stars pass the meridian twice in every diurnal 
revolution ; once above, and once belovf the pole. These meridian 
passages are called respectively, Upper and Lower Culminations. 

38. The Hour Angle of a body ia the angle contained hetvfeen 
the meridian and a declination circle through the centre of the 
body. Tims MPS is the hour angle of a body at S. 



CHAPTER II. 



ASTROSOMICAL INSTEUMBSTS. 



39. The Astronormcal Clock is a clock constructed with great 
care and accuracy, and furnished with a compensating pendulum : 
that ia, a pendulum with a rod so formed by a combination of ma- 
terials, that its length is not sensibly affected by changes in the 
temperature of the air. 

40. A Chronometer is a balance watch, constructed with various 
improvements and refinements of modern art, so as to insure great 
precision in its movement. 

41. The rate of a clock or chronometer is its gain or loss in 
twenty-four hours. If it gains half a second in twenty-four hours, 
its rate is + 0,5 sec. ; if it loses 1.4 sec. in that time, its rate ia 
— 1.4 sec. 

42. The Vernier is a divided arc or line, moveable along another 
graduated arc or line,* and serving to determine the values of 
fractional parts of the divisions of the latter. It is an appendage 
to various astronomical instruments, and to some others. 

To explain the principle on which the vernier ia constructed, let 
AB, Mg. 9, be an arc of a circle divided into degrees and sub- 
divided into 20' spaces, and let the -vernier arc CD, be taken equal 

* Sumetimes the veriuer haa a fixed positiaii nnd the graduated arc ia moiealile 
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ill length to iiitieteeE of these spaces ind he flnilcl into tiventy 
equal parts. Each vernier space will then he lo of t space on th<! 
graduated arc. Hence if the line maikpd on the vernier, called 
the sero of the vernier, coincide with a divismn line on the arc, as 
in the figure, it is evident the fii'^t division line of the vernier muet 
fall behind the next division line of the are hy ^jV p'"t of a space 
on the arc, that is by 1'; the second diiiaion line of the vernier 
must fall behind the following one on the arc bj 2', ind thus on. 
Consequently, if the vernier is moved forward till one of its division 
linee coinciiiea with a division Ime on the arc, the zeio must then 
be as many minutes forward of a division line on the arc, as is 
expressed by the number of the vernier division line We may, 
therefore, for any position of the vernier, deteimme the place of 
the zero, which it the object required, by observing which of the 
vernier division lines coincides, or is the nearest to coincidence, with 
one on the arc, and adding the corresponding number of minutes 
to the degrees and minutes denoted by that division line on the arc, 
which next precedes the zero of the vernier. Thus in Fig. 10, th^ 
zero of the vernier stands forward of 15° 20' on the graduated arc, 
and the eighth division line of the vernier coincides with a division 
line of the arc. Hence the arc indicated by the vernier is 15° 28'. 

By making the vernier equal in length to fifty-nine divisions or 
the arc, instead of nineteen, and dividing it into sixty equal parts, 
it would evidently serve to read off, or indicate the fractional part 
of a division to the accuracy of ^ of 20', that is to 20". 

The reading of the vernier, that is, the precision with which it 
will indicate the arc, is varied according to the size of the instru- 
ment. In insti-uments of largo size it is sometimes made to read 
to single seconds. 

43. The Reading Microscope is an appendage frequently attached 
to instruments, instead of the vernier, and for the same object. I* 
is coQiTQonly regarded as determining the arc with gi-eater precision 
than the vernier. 

In the body of the microscope a small frame is placed, across 
which are two spiders-lines intersecting each other in an acute 
angle. This frame with its spiders-lines is moveable by means of 
a screw having a graduated head. It may, therefore, by turnii^ 
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the screw, be moved till a division line of the grjidnated arc is seen 
to bisect the acute angle formed by the epiders-lines- When this 
ia done, the number of whole turns of the screw gives the minutes, 
and the part of a turn as indicated by the graduated head gives 
the additional seconds, intercepted between the first position of the 
nero of the microscope and the division line, 

. 44. A Transit Instrument is an instmment used for observing 
transits of the heavenly bodies over the meridian. It is made 
of vai-ious sizes, the length of the telescope forming a prominent 
part of it, varying from about twenty inctes to ten feet. Those 
of the Isuger sizes are made to rest on stone piers, and are called 
_;S3;ed.instrument8. The smaller ones are placed on moveable stands, 
and are called ^ortahle instruments. 

In Mg. 11, which represents a portable transit instrument, AB 
is a telescope firmly connected with an axis CD, which is at right 
angles to the optical axis of the telescope. The horizontal axis 
CD, terminates in two cylindrical pivots which rest in angular 
notches in pieces of metal called Y's. The T's are attached to 
the upper ends of the upright pieces I'F of the stand ; ono of 
them admits of a small lateral motion by means of a screw a, and 
the other, hy means of a screw, not seen in the figure, admits of 
8 small vertical motion. A graduated circle H is firmly fixed on 
the extremity of one of the pivots which extends beyond its Y for 
this purpose, and must, therefore, revolve as the telescope is turned 
to different altitudes. The double vernier index e, e, which may 
be placed in a horizontal position by means of a spirit level /, sorves 
to direct the telescope to a given altitude. 

The spirit level E, which rests on tho pivots of the axis, is used 
in conjunction with the foot screw 6 of tlie stand, or with the screw 
that gives a vertical motion to one of the Y's, to place the axis in 
a horizontal position. When thus placed, the level is removed, 
and the telescope has then a free motion for all altitudes. 

In the tube of the telescope near to the eye end A, a flat ring is 
placed, across ths middle of which a spiders-line is fixed in a hori- 
zontal position. This is crossed at right angles by five equidistant 
parallel lines, as represented in Fig. 12. The ring is moveable by 
means of screws which connect it with the tube, and may be so 



,v Google 



CHAPTER II. 21 

adjusted, that the midclle vertical line shall pass exactly through 
the optical axis of the telescope ; the horizontal line at the same 
time passing through it, or very nearly eo. To render the lines 
visible at night, a lantern I is placed opposite one end of the hori- 
zontal axis. The axis is hollow, and the light of a lamp in the 
lantern fails on a reflector placed in the tube of the telescope, at 
an angle of 45° ^?ith the axis, and is thence reflected so as to 
illumine tho lines. The reflector has an aperture in its middle, 
sufficiently large to allow a free passage to the light from the body 
viewed. 

When the direction of the meridian at any place is known, if 
the stand of the instrument be placed on some firm support, and 
turned till the optical axis of the telescope is nearly in that direc- 
tion, it may be brought to be exactly so by means of the screw a, 
which moves one of the T's, and the pivot of the horizontal axis 
resting in it. When this is done and the axis made truly horizon- 
tal, the middle vertical spiders-line will move in the plane of the 
meridian as the telescope is turned to diff'erent elevations; and 
consequently when a star or other heavenly body is bisected by that 
line, it must be on the meridian. 

In transit observations it is usual to observe the time of the 
passage of the body over each of the vertical lines, and to take the 
mean of these times, as being generally more accurate than the 
observed time of the passage over the middle line. But if the 
observations are good, the difference between the mean and the 
middle time will never amount to a second. When the observed 
body is the sun, moon, or a planet, the times of passage of both 
the western and eastern limbs ai'e observed ; the mean of which 
gives the time of passage of the centre. If only one limb is visi- 
ble, the time of passage of the centre is found by applying the 
computed interval of time occupied by tho semi-diameter in its 
transit, to the observed time of passage of the visible limbs. 



45. A Transit Circle or Meridian Circle is an instrument used 
for observing the meridian altitude, zenith distance, or polar dis- 
tance of a heavenly body. It is an important instrument, differing 
from the simple transit instrument, in having, instead of the circle 
H, a much larger and very accurately graduated vertical circle 
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iSrinly connected with the telescope and axis, and consequently re- 
volving as the telescope revolves. It is nearly represented in its 
principal parts by the upper part of Fig. 13, to which reference is 
made in the next article. 

A Mural Circle is a meridian circle of large size, having its axis ex- 
tending through a massive stone pier ; the circle and telescope being 
fixed on one extremity of the axis, and a counterpoise on the other. 
In this, as in the transit instrument, provision is made for giving 
slight horizontal and vertical motions to one end of the axis. The 
angle is read off by stationary microscopes or verniers, usually six 
in number, attached to the pier. 

The Mural Quadrant is a modification of the mural circle ; a 
quadrant heing substituted for the complete circle. This instru- 
ment is now rarely used, as the circle, though smaller, affords much 
more accurate results. 

The Zenith Sector is an instrument used for measuring the me- 
Hdian zenith distances of stars, that culminate within a few degrees 
of the zenith. In this instrument the graduated arc does not ex- 
ceed 20°. It can, therefore, be made with a much larger radius 
than either the circle or quadrant, and admits of a more minute 
subdivision in the graduation of the arc. 

The diameter of the mural circle at the National Observatory at 
Washington is 5 feet. The largest mural circles that have yet 
been constructed, are 8 feet in diameter. The celebrated zenith 
sector of Dr. Bradley, formerly at the Greenwich Observatory, and 
now at the Cape of Good Hope, has an arc of 12J feet radius. 

46. An Altitude and Azimuth Instrument is an instrument used 
for observing, at the same time, both the altitude and azimuth of 
a body in any iiart of the heavens. 

In Fig. 13, which represents the instrument, the circular plate 
C has on it a graduated azimuth circle. This plate is attached to 
a tripod stand supported by three feet screws, two of which are 
shown at A and B. Firmly connected with the tripod, is a verti- 
cal axis, which passes through the centre of the azimuth plate and 
through two collars in the conical piece E, which projects upwards 
from the plate D. The whole of the instrument above the azimuth 
plate C is moveable about this vertical axis, and its position at any 
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time is determined ty a pointer, which gives the arc on the azimath 
circle to five minutes, and two opposite reading microscopes, one of 
wliieh is seen at F, wliich give the additional minutes and seconds. 
The two connected vertical circles, K, K, are firmly attached to 
the telescope and horizontal axis, and, therefore, turn with the 
telescope as it is directed to different altitudes. That to the left 
is graduated, and the altitude or zenith distance of the hody to 
which the telescope is directed is read off hy the reading micro- 
scopes R, E. The spirit level, Q, Q, is used in mating the vertical 
axis of the instrument truly vertical. The screws, whose heads are 
seen at P and P, serve to elevate or depress the Y'b in which the 
pivots of the horizontal axis rest. By means of these and a striding 
level, such as is used with the transit instrument, the axis is made 
horizontal and placed at such a height that the zeros of the reading 
microscopes, R, R, shall he at opposite points of the graduated ver- 
tical circle. The plate T is a stand for a lantern to illuminate 
the spiders-lines, of which there are five horizontal as well as five 
vertical ones. When the ring to which these are attached is pro- 
perly adjusted, by means of the screws which connect it with the 
tube, the intersection of the middle lines of the two sets is exactly 
in the optical axis of the telescope- 
When the instrument is properly adjusted and placed so that, as 
the telescope revolves, its optical axis moves in the plane of the 
meridian, it may be used either as a transit instrument or transit 
circle 

4T, The Equatorial is an instrument consisting of the same es- 
sential parts as the altitude and azimuth instrument. It is so 
mounted that one of the axes is at right angles to the plane of the 
equator and the other parallel to it. The circles connected ■viith 
these axes are called, respectively, the Jlour and DecUnationCircleB. 
The former is usually graduated into hours, and parts of an hour ; 
and is so adapted to the axis that, when the telescope points to- 
ward a star on the meridian, the vernier will read hrs., min., 
sec. If, then, the telescope be turned slowly westward, about 
the axis, at a rate corresponding with the diurnal motion of the 
heavens, it will be constantly directed towards the star, and the 
vernier will indicate, upon the hour circle, the star's hour-angle at 
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any moment. The declination circle is so arljustocl that, ■when the 
optical asia of the telescope is in the plane of the eqnator, the 
vernier reads 0° ; and hence, if the telescopo lie dijected to any 
star, this vernier will indicate the sttii-'s defilinartjoii. 

The larger instrumentB of this clasa are generally provided with 
clock work, which communicates to the telescope a slow motion from 
east to west, causing it to follow a star for any length of time, 

48. A Sextant is an instrument asod for measuring the angular 
distance between two heavenly bodies or other objects. In Fig. 
14, which represents a sextant, A, A, ia a doubie frame connected 
by email pillars a, a, &e. The arc EC is asually graduated to 10' 
and subdivided by a verniei' B, to .10". The degrees are numbered 
from 0° near B to about 130^ near ; the construction of the in- 
strument being such that half degrees on the ai'o correspond to 
whole degrees of the angle measured, they aro for convenience re- 
garded and numbered as whole degrees. The microscope H 
may be moved over the vernier, and aids in distinguishing the 
division line of the vernier that coincides, or is the nearest to co- 
incidence with a division line on the arc. A. glass reflector F, called 
the index glass, ia attached perpendicularly to the index IE, which 
is moveable about the centre of the circular part I ; this centre 
being also the centre of the graduated arc BC. Another glass G, 
called the horizon glass, is attached at right angles to the frame 
of the instrument, being parallel to the index glass when the index 
is at zero of the arc. The lower half of this glass is silvered so as 
to make it a reflector ; the upper half is clear. A small telescope 
is placed in a ring L, and may be so adjusted by a screw M, that 
its optical axis shall be directed towards the division between the 
silvered and unsilvered parts of the horizon glass, or a little higher 
or lower, as may be desired. At K and N are sets of dark glasses 
of different colours, one or more of which may be interpcBed be- 
tween the index and horizon glasses, or horizon glass and telescope, 
or both, to moderate the light and heat of the sun when that body 
is observed. The instrument, when in use, is held in the hand 
by a handle at ; or it is sometimes attached to a stand, called a 
centre of gravity stand, which admits its being placed at any in- 
clination to the horizon. 
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In observing tlie angle contained between two bodies, the sextant 
la plaeed so that tlie telescope is directed to one of them, which ia 
seen through the clear part of the horizon glass, and being then 
turned till its plane corresponds with the directions of both bodies, 
the index ia moved till the second body appears to be in contact 
with the first ; its light having been reflected from the index glass 
to the silvered part of the horizon glass, and thence through the 
telescope. The arc indicated by the vernier index, is then the 
measure of the angle contained between the nearest limbs of the 
two bodies. 

The sextant, with the aid of an instrument called an artifieial 
horizon, consisting of a small trough containing mercury, covered 
by a glass roof to protect the surface from agitation by the wind, 
serves to observe, with considerabie accuracy, the altitude of a 
heavenly body. In doing this, the image of the body seen by re- 
flection from the index and horizon glasses, is brought into contact 
with the image reflected from the surface of the mercury, and seen 
through the clear part of the horizon glass ; the arc indicated by 
the index being then double the altitude of the lower limb of the 
body. 

49. The Reflecting Oirde is an instrument constructed on the 
same principle, and used for the same purposes as the sextant. In 
it, the arc BO extends to the whole circumference, and there are 
three vernier indices. It is regarded, on several accounts, as being 
a rather more accurate instrument than the sextant. 

50. A Micrometer is an instrument or appendage, which, when 
attached to a telescope, serves to measure with great accuracy small 
angles, such as the apparent diameters of the sun, moon, or planets, 
or the angular distance between two bodies very near to each other. 

This instrument is constructed in various ways. In Troughton's 
spiders-line micrometer, which may be substituted for the usual 
eye-piece of a telescope, there are two small frames placed side by 
side, at right angles to the optical axis, and moveable by screws 
with graduated heads. Across each frame a spiders-line is fixed 
at right angles to the direction in which it moves. The heads of 
the screws may be so adjusted, that they shall be at zero when the 
frames have such a position, that one of the lines is directly behind 
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the other, the two appearing as one line. "When thne adjusted, if 
the screws be turned till one of the lines appears to touch one edge 
or limb of a heavenly body, and the other to touch the opposite 
limb, the contained angle, or apparent diameter of the body, be- 
comes known from the number of whole turns and parts of a tnra 
of the screws, required to put them in those positions. 

A Meliometer is a telescope fitted up with a peculiar kind of 
micrometer, for the especial purpose of measuring the apparent 
diameters of the heavenly bodies, or other small angular spaces. 

A Position Micrometer is an instrument, which serves not only 
to measure the angular distance between two contiguous bodies, 
but also the angle contained between the arc of a great circle join- 
iag them, and a declination circle passing through one of them.* 



CHAPTER III. 



TO PLACE AN INSTRUMENT IN TUB PLANli OP TIIE MERTBIAN. — 
SIDEREAL TIME. — TERRESTRIAL MERIDIAN. — LATITUDE AND 
LONGITUDE OP A PLACE. 

51. To place an altitvde and azimuth instrument in the- plane 
of the meridian. Let ENWS, Fig. 2, be the horizon of a place 
A ; Z the zenith, P the north pole, NZS the meridian, and S' and 
S" two positions of the same star when at equal altitudes B'S' and 
B"S", on opposite sides of the meridian. Then, since a star, in its 



■* From the preceding brief notaoee, tlie student may obtaui a general »iew of 
the oonetruotione aod uses of t!te insb-umeuts mentioned, sufBcieat to enable him. 
to ooinpreliead the astronomical obeervittione to nhicli refei-ence will be uiacte in 
subsequent pacts of the work. For full deecilptiona of tliege nnd various other 
natronomical instruments, with the methods of adjusting iuid nelGg lliem, he may 
be ref^ed to the second solnme of Dr. Pearson's Treatise on Practieal Astionomj. 
Those wh.; liftve not nocesa to the large work of Dr. Pearson, may obtain cou- 
eidcraljle in&rmatioa from a small wort on the principal mathematical instrumenta 
used in Surveying, Levelling, and Astronomy, by Simma. An American edition, 
edited by J. W. Alexander, has been published in Baltiiaore. 
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apparent diurnal motion, describes a circle about the pole P (15), 
we have in the two spherical triangles ZPS' and ZPS", the side 
PS' equal to PS" ; and ive have also ZS' and ZS" equal, being the 
complements of the equal altitudes B'S' and B"S", and PZ com- 
mon, '.the angles PZS' and PZS" arc therefore equal, and con- 
sequently their measures, the azimuths NB' and NW, are also equal. 

Hence, the instrument being placed on a firm support, and 
properly adjusted and levelled, let the altitude of a star, when at 
a position S' to the east of the meridian, be observed, and let the 
azimuth arc be also read off. Let the star be again observed, when, 
after having passed the meridian, it has arrived at a position S", 
in which its altitude is thg same as before, and let the aBimuth arc 
be again read off. From these azim.ufch arcs, the aaimnth arc B'B" 
becomes known. Then, if the instrument be turned eastwardly 
through an arc equal to B"N, the half of B"B', and be clamped in 
that position, the telescope, when turned about its horizontal axis, 
will, if the observations have been accurately made, move in the 
plane of the meridian NZS. 

To ascertain whether the instrument is truly placed in tiic piano 
of the meridian, let several culminations of a cireumpolar star, 
both above and below the pole, ho observed, and the time, as shown 
by a good clock or chronometer, bo noted. Then, as the diurnal 
motion of a star is uniform (15), and as the star must therefore be 
as long to the east of the meridian as to the west, it follows that 
if the interval during which the star appears to be to the east, is 
equal to that during which it appears to be to the west, the instru- 
ment is truly placed. If the intervals are unequal, the instrument 
deviates towards the side of the less interval, and should be slightly 
moved in a contrary direction. The observations and movement 
of the instrument should be repeated, till the intervals are found 
to bo equal. 

When the instrument is thus truly placed in the meridian, it may 
be used for observing the culminations and meridian altitudes of 
the heavenly bodies. 

52. To place a transit instrument in the meridian. A transit 
instrument, or transit circle, may be placed in the plane of the 
meridian by first putting it by estimation nearly in that poaition. 
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and tlit'ii jU'oceeiliiig as directed in tlie latter part of tJic last 
article, * 

53. A Sidereal. Day is the interval between two consecutive 
passages of a Sxed atar over the same meridian. It is about four 
minutes shorter than the commou day. 

Sidereal Time is time reckoned by sidereal days. A clock that 
is so adjusted as to move through 24 hours in a sidereal day is called 
a 8!ii,'V"{<l clock, or is said to be regulated to keep sidereal time. 

T[w jtuitit of time at which the sidereal day commences according 
to ttu; pi-&sent usage of astronomers, and also a very slight change 
in the dtifinition of a sidereal day, wi)l be noticed in a subsequent 
chapter. For the present it may be regarded as commenciug when 
any fiscd star, selected at pleasure, passes the meridian of a place ; 
the clock being regarded as being regulated to sidereal time when 
it is so adjusted as to mark and continue to mark h. m. see. 
at the instant that star passes the meridian. The numbering of 
the hours of the sidereal day, is continued from hours to 23 hours. 

54. Tlie Te'}-reitrial Meridian of 'a place is the intersection of 
the plane of the meridian of the place with the earth's surface. It 
is very nearly, though not exactly, a circle. 

The terrestrial meridian of a place is usually considered as only 
extending from pole to pole. Thus pAp'a, Fig, 1, being the inter- 
section of the plane of the meridian of the place A, with the earth's 
surface, the half ^Ap' is called the terrestrial meridian of the place 
A ; the other half being called the opposite meridian. 

55. The Latitude of a place, or as it is sometimes called the 
G-eograpJdcal JJatitiide, is the arc of the meridian intercepted be- 
tween the zenith of the place and the equator. It is said to be 
north or south according as the zenith is north or south of the equa- 
tor. Thus ZQ, Fig. 1, is the latitude of the place A, to the north. 

It follows, from tho definition and article (27), that the latitude 
of a place is the same as the dochnation of the zenith of the place. 

It is also evident that, regarding the earth as a sphere, and con- 
sequently a terrestrial meridian as a circle, the latitude of a place 

* The details of this and other methods of adjusting these instruments to the 
plane of the meridian are ^ven in treatises on praetjoal aetrouom;. 
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is its distance from the terrestrial equator, measured in degrees 
and parts of a degree, on the terrestrial meridian through the 
place. For the ares ZQ, and Ag, being measures of the same 
angle ZCQ, contain the same number of degrees, 

56. A Parallel of Latitude ia any small circle on the earth's 
surface, parallel to the terrestrial equator. Thus Ana is one half 
of a parallel of latitude through the place A. 

57. The Latitude of a place is equal to the altitude of the pole 
at that place. For the sum of ZQ and ZP, is equal to the sum of 
PH and ZP, each sum being equal to a quadrant. Hence ZQ= 
PH. But ZQ is the latitude of the place A, and PH is the alti- 
tude of the pole at that place ; this altitude, in consequence of the 
extreme minuteness of CA, in comparison with CH (13), being the 
same whether observed from A or C. 

58. The Latitude of a place is equal to the half sum of the 
greater and less meridian altitudes of a circumpolar star, at the 
place. 

Let the circle FGrlK, meeting the meridian of the place A, ia 
F and I, be the circle described by a circumpolar star in its diur- 
nal motion. Then will PI = PF (15), and HI and HF will be the 
greater and less meridian altitudes of the star. Now, 
HP = HI — PI, 

and IIP = HF + PF = IIF + PI. 
Hence by adding, 2 HP = HI-hIIF; or HP = |(HI + HF). 
But (57), HP is equal to the latitude of the place. 

Remark. This proposition assumes the two culminations to be 
on the same side of the zenith. If they are on different sides, the 
supplement of the greater altitude must evidently be substituted 
for the altitude itself. It may further be remarked that, in ap- 
plying the proposition to find the latitude of a place, the observed 
altitudes require small corrections. These will be noticed in the 
chapter on refraction. 

69. First Meridian. The first meridian is the meridian of some 
place arbitrarily selected, to which the positions of the meridians 
of other places are referred. The place selected for a first 
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meridian, is commonly tliat of some noted Astronomical Ob- 
servatory.* 

60. Longitude. The Longitude of a place is the angle contained 
between its meridian and tho first meridian ; it is measured by the 
arc of the equator intercepted between the two meridians. Longi- 
tude is reckoned ea»t or west, according as the meridian of the 
place is east or west of the first meridian. Thus, assuming the 
meridian PSP' of a place s, to be the first meridian, the angle DPQ, 
or the arc DQ, will be the longitude of the place A, to the east; and 
the angle DPD' or the arc DD" will be the longitude of a place s', 
to the west. 

As two terrestrial meridians form the same angle as their cor- 
responding celestial meridians, the angle between the terrestrial 
meridian of a place and the terrestrial first meridian, expresses 
the longitude of the place, 

61. Selection of the first Meridian. The selection of the first 
meridian being arbitrary, different first meridians are used in dif- 
ferent countries. The English take for theirs, the meridian of 
their celebrated Observatory at Greenwich, near London, and the 
French, that of their public Observatory at Paris. In the 
United States, longitude is usually reckoned from the meridian of 
Greenwich. 

62. Fontion of a place. The longitude and latitude of a place, 
determine its relative position on the earth's surface. For the 
longitude gives the position of the terrestrial meridian of the place, 
and the latitude gives the position of the place on that meridian. 

When the longitude and latitude of a city, or place of consider- 
able extent, are given, they are generally to be understood as 
applying to the central part, or to some prominent public edifice 
in the place. 

63. Lifference of time under different Meridians. As the di- 
urnal motion of a fixed star, in the circle it appears to describe 
from east to west, is uniform (15), and the time of its complete 

* An Astrofuinikal Ohservaloiy is a handing fUrniahed witJi instruments for the 
eapeciiil purpose of maldng astronomic al obBervations. 
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revolution is twenty-foar sidereal hours, it follows that, in each 
sidereal hour, it must move through the twenty-fourth part of 360°, 
that is, through 15° ; and in the same proportion for other times, 
Hence the star in its westwardlj motion is on the meridian of a 
place in east longitude, earlier, and on that of a place in west 
longitude, later, than on the first meridian, hy intervals of time at 
the rate of a sidereal hour for each 15° in the longitude. Thus, 
if LXIMV, I'ig. 1, be the circle described bj the star in its diurnal 
motion, and PSP', the meridian of a place a, be the first meridian; 
and if the longitudes of the places A and b', whose meridians are 
PMP' and PS'P', be 30° east and 30° west ; then will the star be 
at M tvi } sileieil hours eaiher, and at S' two sidereal hours later, 
thin it & It therefore follows, that if we suppose sidereal clocks 
at the places A, t and s', to be adjusted to mark Oh. m. sec, 
when this star is on then meiidians respectively, then at the in- 
stant the stai IS at S on the meridian of b, and consequently the 
clock at that place maiks Oh Om., the clock at the place A in 
30° etst longitude, must mark 2 h. m., the star having been on 
itsmeiidi<tntwo houis pieviou'^ly; and the clock at the places', in 
30° west longitude, must mark 22 h. Om. of the preceding aide- 
real day, the star not arriving at the meridian of that place till two 
hours later. The same relation must exist among the times marked 
hy the clocks at those places at any other instant of time. For in- 
stance, if when soroe other star is on the meridian of the place s, 
the clock at that place marks 7h. 10 m. 30 sec, the clock at the 
place A, must at that instant mark 9h. 10 m. 30 sec, and the 
clock at the place a', 5h. 10 m. 30 see. 

Hence the sidereal time reckoned at a given instant at a place 
in east longitude is later, and at a place in weet longitude is earlier, 
than that reckoned at the first meridian. 

It is the same with time reckoned in the usual way, that is, by 
the diurnal motion of the sun, when allowance is made for some little 
inequalities in that motion. Thus, when it is nine o'clock in the 
evening at Greenwich, it is only 59 m. 20 sec. past three o'clock, 
in the afternoon, at Philadelphia, the longitude of which ia 75° 
10' west. 

64. Expression of longitude in time. In consequence of the 
connection between the longitudes of places and the times reckoned 
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a.t tliem sit the same instant, longitude is frequently expressed in 
time; one hour corresponding to 15°, one minute to 15', and one 
second to 15". Thus, long. 75° 10' W., and long. 5 h. m. 40 
sec. W., are Bynonjmoua expressions. 

65. To find the longitude of a place ly a chronometer. Let a 
chronometer, which keeps time accurately, be carefully adjusted to 
the time at a place, the longitude of which is known. Then being 
carried to the place of which the longitude is required, let the time 
shown by it at any instant be compared with the correct time 
reckoned at the place at that instant, and let the difference he 
marked east or west according as the time at the place is later or 
earlier than that shown by the chronometer : that is, than the time, 
reckoned at the same instant, at the place of known longitude. 
Then (63) by adding this difference to the known longitude, ex- 
pressed in time, if it is of the same name with that longitude, or 
subtracting, if it ia of a different name ; the longitude of the re- 
quired place will be obtained. 

It is not requisite that the chronometer should be so regulated 
as neither to gain nor lose any time. This would be difficult, if 
not impracticable. It is only requisite that its rate (41) should be 
well ascertained, as allowance can then be made for its gain or loss 
during the time of its transportation from one place to the other. 

Other methods of finding the longitude of a place will be noticed 
in a subsequent chapter. 



CHAPTER IV. 



FIGURE ASD DIMENSIOKS OB THE EARTH— -GEOCENTRIC LATITUDE 
OF A PLACE. 

66. By the figure of the earth is meant the general form of its 
surface, supposing it to be uniform, or that it corresponds with the 
surface of the ocean. This excludes the consideration of the ir- 
regularities in its surface, proceeding from mountains and valleys ; 
which are indeed very minute in comparison with its whole extent. 
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67'. The angle formed hy the vertical lines at two places on the 
same terrestrial meridian, expresses the difference of the latitudes 
of the places. 

Let CZ and CZ', Fig. 1, be the vertical lines at the two places 
A and A', on the same meridian pA.p'. Then Z and Z' being the 
zeniths of these places, 2Q and Z'Q are the latitudes (55), and 
consequently ZZ' is the difference of the latitudes. But ZZ' is the 
measure of tho angle ZCZ' formed by the vertical lines. 

This is still true if the vertical lines meet at some distance from 
the centre of the earth, as must be the case if the earth ia not a 
perfect sphere. For, in consequence of the immense distance of 
the points Z and Z', the angular distance between them is sensibly 
the same at a little distance from the centre as at the centre itself. 

6S. Length of a degree of latitude. The length of a degree of 
latitude or of a degree of the meridian is the distance, expressed in 
linear units, between two points on the same terrestrial meridian, 
the difference of whose latitudes is one degree. 

The length of a degree of latitude may be obtained by finding 
the latitudes of two points on the same meridian, that do not differ 
in latitude more than a few degrees, measuring the distance between 
them, and then making the proportion ; as the difference of the 
t\YO latitudes is to one degree, so is the measured distance to the 
length of a degree. Por supposing A and A' to be the points, we 
have the proportion : as ang. ZCZ' : 1° : : length of AA' : length 
of a degree; in which tho angle ZCZ' is equal to the difference 
of the latitudes (67). The proportion is rigorously true on the 
supposition that the earth is a sphere, and consequently AA' tht! 
arc of a circle ; and for a small deviation in the form of the earth 
from a sphere, it is not sensibly erroneous, especially for the degret; 
at tho middle of the arc. Supposing the earth to be a sphere, tho 
product of the length of a degree by 360, gives its circumference. 

The difference of latitude between the two places A and A', may 
be found without knowing the latitude of either. For if, at th<^ 
two places, the meridian zenith distances ZM and Z'M of the same 
star, be observed and corrected for refraction,* we have ZZ' = 
ZM — Z'M. 

* See next cliapter. 
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The distance 'between the two places is not found ty direct 
measurement. This would be a very tedious operation, and would 
generally, from irregularities in the earth's surface, be deficient in 
accuracy. An extent of level ground ia selected and a horizontal 
line BC, Fig. 3, of a few miles in length, called a. base line, ia 
measured with the utmost care and precision. Then, supposing A', 
one of the places, to he visible from B and C, the horizontal angles 
of the triangle A'BC are carefully measured with a theodolite, or 
altitude and azimuth instrument. A station D, visible from B and 
C, being chosen, the angles of the triangle BCD are observed. 
Another station E, visible from C and D, being taken, the angles of 
the triangle CDE are observed. Proceeding thus, on both sides of 
the base line if requisite, the places A and A' become connected hy 
a series of triangles, in which the angles are all known, and also the 
side BC. From these data, other sides, and then the distance AA', 
may be computed. 

69, The length of a degree of latitude increases from the equator 
to the pole. 

This may be inferred from inspection of the following table, 
which contains the length of a degree of latitude at several dif- 
ferent latitudes, selected from measurements which have been made 
with great eare, in various parts of tbo earth. 



CountiJ. 


A._.. 


j^ntt 


Mean 


ODaerters. 


PeiTi 

India 

Pennsylvania 

France 

England 

Sweden 


3 7' 3' 
15 57 40 

1 28 45 
12 22 13 

3 57 13 

1 37 19 


f 31 0" 
18 8 22 
39 12 
44 51 2 
52 35 45 
66 20 10 


68.714 
68.759 
68.899 
69.041 
69,123 
69.277 


Condamine, &c. 
Lambton, Everest. 
Mason, Dixon. 
Delambre, Mechain. 
Eoy, Kater. 
Svanberg. 



%. 



. A terrestrial meridian is an Ellipse, having the axis of the 
earth for its less axis and a diameter- of the equator for its greater 

The variation in the length of a degree of latitude proves that 
the meridian is not a circle ; and the small amount of that variation 
shows that its deviation from a circle is not great. As the whole 
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deviation ia not great, a small portion of the meridian in any part 
may, without sensible eiTOr, be regarded as the arc of a circle ; the 
radius of the circle to which the arc appertains, evidently increas- 
ing as the length of the degree of latitude increases, that is, 
from the equator to the pole. Now as the radius of an arc in- 
creases, its curvature decreases. The curvature of the meridian 
must therefore decrease in proceeding from the equator to the pole. 
This is the case with an ellipse in passing from the extremity of the 
major axis to that of the minor axis. Hence the form of the me- 
ridian correspoods in. this respect with that of an ellipse, as epqp', 
Fig. 4, in which pp', the axis of the earth, is the leas axis, and eq, 
a diameter of the equator, is the greater axis. 

Taking into view the actual lengths of a degree at different lati- 
tudes, it has been proved, by analytical inveatigationa not adapted 
to the present work, that the meridians are really ellipses, or very 
nearly so ; in which the less axis, or axis of the eaith, is less than 
the greater, or a diameter of the equator, by about gJn part of the 
latter. 

S^. Figure and dimensions of the Earth. From measurements 
which have been made at right angles to the meridian, it appears 
that the equator and parallels of latitude are circles, or nearly so. 
It therefore follows from the last article that the form of the earth 
is that of an oblate spheroid; that is, of a solid, such as would bo 
generated by the revolution of a semi-eilipse pqp', about ila minor 
axis j)p'. 

From computations made from the most accurate measurements, 
it has been found that the equatorial diameter of the earth is 7925 
miles, and the polar diameter, or axis, is 7899 miles ; the differ- 
ence between them feeing 26 miles. Consequently the mean di- 
ameter is 7912 miles, and the mean circumference 24856 miles. 

Hence the mean length of a degree of the meridian is Q^j^ miles, 
the mean length of a minute is Ig miles, and the mean length of a 
second is 101 feet. It therefore follows, that in changing our po- 
sition in a north or south direction, by only 101 feet, we make a 
change of one second in our latitude. 

The length of a degree of the equator is 69J miles. 

72, ElUptieity or Oblateness of the Farth. It is frequently 
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found convenient to denote the equatorial radius of the earth by a 
unit, or 1, and to express other largo lengths and distances by 
means of this unit. 

The fraction which expresses the difference between the equa- 
torial and polar radii of the earth, when the equatorial radius is 
denoted by a unit, is called the elliptiaity or ohlateness of the earth. 
It is also sometimes called the compression of the earth. Hence 
(70), the eliipticity or oblateness is gJn. 

73. The ellipticUy of the eartli may he deduced from experiments 
with a pendulum. 

The number of oscillations made in any given time, as for in- 
stance in a sidereal day, 'by the same pendulum retaining the same 
length, is found to be different at different places on the earth's 
surface. It is least at tbe equator, and continually increases to- 
wards the poles. A pendulum oscillating sidereal seconds at the 
equator, and consequently making there 86400 oscillations in a 
sidereal day, would, on being transported to Philadelphia, make 
nearly 100 more in the same time. Now the motion of the pendu- 
lum depends on tho force of gravity ; and it is proved, in treatises 
on mechanics, that the number of oscillations made by the same 
pendulum in a given time, varies as the square root of that force. 
Hence it follows that the force of gravity increases from the equa- 
tor to the poles, and that the law of this increase may be determined 
by experiments with a pendulum. This increase in the force of 
gravity, indicating a decrease in the distance from the earth's 
centre, is connected with the figure of the earth, and formulse have 
been obtained which serve to determine the latter from the former. 
Computations, founded on numerous accurate experiments with a 
pendulum, made at various places, give for the eliipticity nearly 
the same value as that obtained from the measurement of degrees 
of the meridian.* 



* Dr. Bowditeli, in his excellent TraaelatJon of Laplace's M^caniquo Cfileate, 
wit^ a Commentary, olitama, from a combination of several of the most accuFatel; 
mesisured arcs of tiie meridian, a resnlt a little less than ^Jj^ ; and Irom a comhi- 
nitioc of many obseryayons made with tho pendulum, a result a little greater than 
gjj. Henoe he infers that jjj may be regardeil as being Tery nearly the true 
Talue of the eliipticity or oblateness of the earth. 



,v Google 



CHAPTER IV. 37 

74. The Eccentricity of the earth is the distance between a focus 
of any of the elliptical meridians and the centre. 

To find the eccentricity. Let/, Fig. 4, be one of the foci, and 
put e =fQ = the eccentricity. Then by conic sections, fp = eG 
= 1. Hence, 

'-'-'"■'IS- 

Prora ivhich we easily find, 

6=^-^=3 0.08158, 
300 

75. The Geocentrie Zenith of a place is the point in which % 
straight line from the earth's centre, passing through the place, 
meets the celestial sphere. 

The G-eocentrtc Latitude of a place, sometimes called the re- 
duced latitude, ia the arc of the meridian intercepted between the 
equator and the geocentric zenith of the place. The difi'erence 
between the latitude and the geocentric latitude is called the re- 
duction <if latitude. 

76. TJie tangent of the latitude of a plaoe is to the tangent of the 
geocentric latitude as the square of the equatorial radius of the 
earth is to the square of the polar radius. 

Let Z, Fig. 4, be the zenith of the place A, and z the geocentric 
zenith. Then ZGQ ia the latitude of A, and gOQ is its geocentric 
latitude. Let AD be drawn perpendicular to eq. Put f = ZGQ = 
the latitude, and ?' =3CQ =the geocentric latitude. 

Then in the right angled triangle ACD,we have AD = CD tang 
if', and in the right angled triangle AGD, wo have AD = GD tang 
^. Hence CD tang ^' — GD tang f ; or, CD : GD : : tang f : tang 
(>'. But by conic sections, CD : GD : : jC* : pQ^. Conseciuently 
tang ? : tang <f' : : qC : pG^. 

Cor. If qG = 1, and e = earth's eccentricity, we have (74), 
^C^ = 1 — e^. Hence, tang ?> : tang ?' : : 1 : 1 — e^ ; or, 
tang ^' = (1 — e^) tang$ (A) 
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ASTRONOMICAL aErEACTION, 



TT. Earth's atmosphere. From the science of pneumatics tto 
learn that the earth's atmosphere is an elastic medium, the density 
of which continually decreases as the distance from the general 
surface of the earth increases. The law of decrease is such that, 
as the height ijicreases in arithmetical progression, the density de- 
creases nearly in geometrical progression. The actual decrease is 
such that, at the height of 3^ miles, the density is only ahout one half 
as great as at the earth's surface ; at the height of 7 miles, about 
one fourth as great ; at the height of 10^ miles, about one eighth as 
great ; and thus on. The whole height of the atmosphere is not 
known. But from the preceding law, it follov^ that, at the height 
of 40 or 50 miles, its density must he extremely small, so as to be 
nearly or quite insensible. The density at any given place varies 
Tvith the p e re as nd cated by a 1 .irometer, and with the tem- 
petat re a in I cated by a the mometer but this variation is not 

It the den ty of tl e who! n a s of the itmosphere was uniform 
thr gl t 1 d tl « same that t s it tl e earth's surface when the 
baioiie er st nls at 30 n 1 es a I Fah nheit's thermometer at 
50° wh cl s rega ded as be g ne ly the mean density at the 
eaith tl e I e ght vto Id th n 1 o o 13 mile 

78. Refraction. The science of optics teaches us that, when 
a ray of light passes obliquely from one medium into another of 
different density, it becomes bent, or refracted; the ray in the 
second medium, called the refracted ray, taking a different direc- 
tion from that in the first, which is called the incident ray. Both 
rays lie in the same plane with a perpendicular to the common 
surface of the two mediums at the point of passage from one to the 
other. When the ray passes from a rarer to a denser medium, the 
refracted ray is bent towards the perpendicular to the common 
surface, making with it a less angle than that made with it by the 
incident ray. Thus an incident ray SA, Fig. 5, entering obliquely 
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a seconil medium of greater density at A, takes a direction AB, 
making the angle BAD, which is called the angle of refraction, less 
than the angle SAE, which is called the angle of incidence. The 
angle BAG, which espresses the difference between the directions 
SA and AB, of the incident and refracted rays, is called the 
refraction. 

For the same two mediums, the amount of refraction changes 
with a change in the angle of incidence. The law of this change 
is such that the sine of the angle of incidence ia to the sine of the 
angle of refraction in a constant ratio, which is called the indea; 
of refraction. Thus if I be the angle of incidence, R the angle 
of refraction, and m the index of refraction, the value of which 
for different mediums is determined hy experiment, we have sin I ; 
sin It : : m : 1 ; or, sin I = wj sin R. I"or the passage of a ray 
of light from a vacuum into air of a mean density, or that which 
it has when the barometer stands at 30 inches, and the thermometer 
at 50°, the value of m is 1.000284. 

When a ray passes through a medium composed of strata of 
different densities, bounded by parallel planes, the whole refraction 
is the same, as if the incident ray had at once entered the last 
stratum with its first angle of incidence ; the direction of the ray 
in the last stratum being the same in either case. Thus, if a ray 
SA, Fig. 6, in passing through such a medium, takes the directions 
AB, BC, a ray S'A' entering the last stratum at the same angle 
of incidence with SA, will take a direction A'C, parallel to BC. 
When the strata are indefinitely thin and their number indefinitely 
great, or, which amounts to the same, when the density continually 
varies from A to C, the broken line ABC becomes a curve. The 
whole refraction is however still the same, provided the density at 
the surface C remains unchanged : that is, the whole refraction for 
a given angle of incidence depends entirely on the density at the 
second surface. 

79. Astronomical Refraction. As the density of the earth's 
atmosphere continually increases from its upper surface to the 
earth (77), it follows, from the last article, that when a ray of light, 
from any of the heavenly bodies, enters the atmosphere obliquely, 
it becomes bent into a curve, concave towards the earth. The 



,v Google 



40 ASTEONOMr. 

density in the upper parts of tlio atmosphere being very small, the 
earve at first deviates very little from a etraiglit line, but tiie de- 
viation becomes greater as it approaches the earth. Both tho 
straight and curved parts of the ray must necessarily lie in the 
same vertical plane ; for, as the corresponding parts of tho at- 
mosphere on each side of a vertical plane may be regarded as of 
equal density, there is no cause for a deviation to either side. The 
whole change produced in the direction of the ray in traversing tlie 
atmosphere is called the astronomical refraction. 

80. Astronomical refraction increases the altitude of a heavenly 
body, but does not affect the azimuth. 

Let S«A, Fig. 1, be a ray which, proceeding from a body S, 
enters the atmosphere at a, and being bent by refraction, meets the 
earth's surface at A ; and let AS' be a tangent to the curve Aa 
at A. Then will the ray enter the eye of an observer at A, in the 
direction S'A, and consequently the body S will appear to be in 
the more elevated position 8'. As the tangent AS' must be in the 
same vertical plane with the ray AaS, the azimuth of the body is 
not affected by refraction. 

It follows that the altitude of a heavenly body is obtained by 
subtracting the refraction from the observed altitude, and tho zenith 
distance, by adding the refraction to the observed zenith distance. 

81. At the zenith, the refraction is nothing. For, in consequence 
of the corresponding density of the atmosphere on every side of 
a vertical line, there is no cause for a ray entering it in that di- 
rection to deviate from its rectilineal course. 

82. To obtain approximate formulae for computing the refraction 
due to any altitude or zenith distance. 

As the upper and under surface of that portion of the atmo- 
sphere through which a ray of the heavenly bodies passes in its 
course to a place on the earth's surface, do not differ much from 
parallel planes, we may obtain approximate formulte for the re- 
fraction, by assuming the density to be «nifoi-m throughout, and 
the same that it is at the earth's surface (78). Let bd, Fig. 8, be 
a part of the boundary of the atmosphere on this supposition, Sa 
a ray from a body S, which being refracted at a, meets the earth's 
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surface at A, and let C he the centre of the earth, and Z the zenith 
of the place A. Then, to an observer at A, the body will appear 
in the direction AS', and the angle SaS' will be the refraction 
corresponding to the apparent zenith distance ZAS'. Put, 

P = CA = radius of the earth, assumed to be a sphere, 

^ = effl = height of a uniform atmosphere, 

2 = angle ZAS' = observed zenith distance, 

I = ,, Gac = angle of incidence, 

11= ,, CfflA = „ refraction, 

»■ = „ Aae ^ „ SaS' = the rofrsLction, 
Then, since I = Gae = CaA + Aac = R 4- r, we have (78), 

sin (R + r) = m sin R (A); 

or, (App.* 13), sin \l cos ?• + cos R sin r = ra sin R ; or, dividing 
by cos H, we have, 

t^ng R cos *• + 8 n J* = TO tang R, 

But imce ? diffeis tut little fiom i unit (78), it is evident from 
equat. ( i) tl at R 4- /■ must liffei but little from R, and conse- 
quently ) must be a small angle Taking therefore the angle 
instead of its sine ( 4.pp 51) and i s iming cos r = 1, we have 

tang R 4- ~" = m tang K ; 

or, r = (ot — 1) " tang R (B). 

Now in the triangle GAa we have, Ga : CA : : sin GAa, or sin 
ZAS' : sin GoA, or p + A ; p : : sin Z : sin R. Hence, 

sin R = sin 2 (C). 

Taking m = 1.000284 (78) ,and substituting for u its value 
206264^'.8 (App. 51), we have, {m — 1). t- = 58".6. Hence, since 
P =. 3956 (71) and h = 5.13 (77), the formuUe (C) and (B) 
become, 

. T, 3956 . ^ 

sin it = _-_ sm Z ^ 

396]. IS I (py 

r = 58".6 tang R, j 
The degree of accuracy of these formulas may be tested by find- 
ing the latitude of a place from the observed upper and lower 

* Appendis to part 1. 
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meridian altitudes of different circunipolar stars (58), using the 
formulas in computing the refractions ; which must be subtracted 
from the observed altitudes to obtain the correct altitudes. If the 
state of the air ie the same or nearly the same as that assumed in 
finding the formulae, and if no one of the lower altitudes of the 
stars employed is less than about 20°, the latitude as obtained from 
different stars will be sensibly the same. But if the lower altitude 
of any one of the stars is much under 20°, the latitude found from 
that star will be decidedly too great. Whence it follows, that, for 
0, low altitude, the refraction computed by the formulje ia too small. 
It may thus be ascertained that, for altitudes of 20° and upwards, 
the refractions computed by the formulae do not err to tlie amount 
of a second ; but for lower altitudes the error becomes considerable, 
amounting at the horizon to several minutes. 

83, TahUi of Refraction. The complete investigation of astro- 
nomical refraction is a subject of great difficulty. It has claimed 
the attention of many eminent mathematicians,* and formulre have 
been obtained which give the amount of the refraction with great 
precision, except for altitudes under 12° or 14° ; and for these they 
give it very nearly. These formulas take into view the changes in 
the density of the air at the earth's surface as indicated by the 
barometer and thermometer. From the formulse, tables have been 
computed, from which the refraction corresponding to » given ob- 
served altitude is easily obtained. In these tables, the principal 
columns contain the refractions computed for a density of the air 
corresponding to some medium heights of the barometer and 
thermometer. These are called mean refractions. Other columns 
contain the corrections due to given changes in the states of these 
instruments. 

84, Refraction increases the visible continuance of the heavenly 
bodies above the horizon. 

As refraction increases the altitudes of the heavenly bodies, it 
must accelerate their rising and retard their setting, and thus 
render them longer visible. The refraction at the horizon ia about 



* Laplace, in the M^oanique Celeste ; Prof. Beasal, in tlie Fandameata Astro- 
nomite; Dr. Young, in Uie Transaotiona of the Royal Society of London for 1819 
and 1824 ; Ivorj, in tie same Transaetions for 1823 ; and various othera. 
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S4', which is rather greater than the apparent diameter of the sun 
or moon. Either of these hodies may tliorefore he wholly visible 
when it is really below the horiKOii. 

85. Oval form of the discs of the sun and moon when near the 
horizon. This is an effect of refraction. As It must he nearly 
eqnal to Z (82. D), and as the tangent of an angle increases rapidly 
■when the angle approaches to 90°, it is evident from the expres- 
sion for r {82. D), that the refraction must increase rapidly near 
the horizon, Hcnoe the lower part of the disc, when in that situa- 
tion, is considerably more elevated by refractioc than the upper; 
and consequently the vertical diameter and chords parallel to it 
are shortened, while the horizontal diameter and its parallel chorda 
are not sensibly affected. This necessarily causes the disc to as- 
sume an oval form. The apparent diminution of the vertical di- 
ameter amounts, at the horizon, to about I of the whole diameter. 

86, Apparent enlargement of the discs of the sun and moon when 
near the horizon. Although this is not an effect of refraction, it 
may properly be noticed here. It is an optical illusion of the same 
kind as that which makes a ball or other object appear larger when 
seen at a distance on tho ground than when viewed, at the same 
distance from the eye, on the top of a high steeple. Our judgment 
of the magnitude of a distant object depends not only on the angle 
it subtends at the eye, hut also on a concurring though sometimes 
very erroneous impression with regard to the distance ; the same 
object, seen under the same angle, appearing larger as there is an 
impression of greater distance. Now in viewing the sun or moon 
when at or near the horizon, the various intervening objects near 
the line of sight, give the 
than when seen in an elevated positi 
viewed through a smoked glass, wh: 



of its being more remote. 
When the sun or moon is 
Lch renders intervening objects 



invisible, the disc does not appear thus enlarged, 

8T, TwinMing of the Stars. Prom changes in the temperature, 
currents of air, and other causes, the atmosphere is continually 
more or less agitated. This agitation produces momentary con- 
densations and dilatations in its constituent molecules, and thus 
occasions slight but sudden and continually repeated deviations in 
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the directions of tte rays of light ivhich traverse it. As the stars 
appear merely as luminous points, presenting scarcely any visible 
discs, these irregularities in the directions of their rays of light 
give to them the apparent tremulous motion called the twinkling 
of the stars. 

The discs of the planets, though small, are much larger than 
those of the stara, as is shown by observations with the telescope. 
They ai-e therefore less affected than the stars, and the twinkling 
is but little observable in them, except sometimes near the horizon, 
where the cause producing it usually acts with the greatest effect. 

88. Twilight or Orepusculum. This depends on both reflections 
and refractions of the sun's rays in the atmosphere. When, in the 
evening, the sun has descended so far below the horizon as to cease 
to be visible by refraction (84), a portion of the lower part of the 
atmosphere ceases to receive his rays directly, and is only illumined 
by light diffused through it by reflection from the higher pai-ts. As 
the sun continues to descend below the horizon, the part of the at- 
mosphere that is not directly enlightened by his rays increases, 
and at the same time its illumination gradually diminishes, in con- 
sequence of the diminished portion of the atmosphere from which its 
light is received. This gradual diminution of the light continues 
till the sun has descended so far below the horizon as to cease to 
illuminate any sensible portion of the atmosphere above it. This 
takes place when he is about 18° below the horizon. The hst ap- 
pearance of twilight must evidently be in the western part of the 
heavens. 

In the morning the twilight commences, or the first dawn of day 
is perceived in the eastern part of the heavens, when the sun has 
arrived within about 18" of the eastern horizon ; and the light 
then increases in the same gradual manner as it diminishes in the 
evening. 
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APPAEEKT AND TRUE PLACES OE A BODY — PARALLAX — METHOD 
OF PINDINa THE PARALLAX OF A BODY — PARALLAXES AND 
DISTANCES OF THE MOOS AND SUN — lUEIR APPARENT AND 
E2AL DIAMETERS. 

89. Apparent and true places of a lody. The place which a 
planet or any other of the heaveoly bodies, except the fixed etars, 
appears to occupy in the celestial sphere varies with a change in 
the position of the ohserver. Astronomers,,, therefore, in order to 
render their observations easily comparable, and for convenience 
in computations, reduce the place of a body as observed at any 
place on the surface of the earth, to that in which it would appear 
to be, if seen from the centre. 

The place in the celestial sphere in which a body would appear 
to be as seen from any point on the earth's surface, if there were 
no refraction, is called the apparent place of the body ; and that 
in which it would appear to be if seen from the centre of the earth, 
is called the true place. Thus, if C, Fig. 15, be the centre of the 
earth, A a place on its surface, Z the zenith of this place, B the 
place of a body, and h and c the points in which AB and OB pro- 
duced meet the celestial sphere, then is h the apparent place and a 
the true place of the body. 

90. The Parallax or Parallax in altitude of a body is the angle 
contained between two straight lines conceived to be drawn from 
the centre of the body, one to the centre of the earth and the other 
to a place on its surface. Thus, for the place A, the angle ABO 
is the parallax of a body at B. 

The Horizontal Parallax ia the parallax when the body is in the 
horizon, or, which is the same, when the apparent zenith distance 
is 90°. Thus, the angle AB'O is the horizontal parallax of the 
body. 

The Equatorial Parallax of a body is its horizontal parallax for 
a place at the equator, 

91. The parallax of a hody is equal to the difference between 
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the apparent and true zenith distances of the body, or between the 
true and apparent altitudes. 

For aa ZAB is an exterior angle of the triangle ABC, we have 
ang. 2CB + ang. ABO = ang. ZAB; or ABC =ZAB — ZCB. 
But ABC ia the parallax, ZAB the apparent zenith distance, and 
ZCB the true zenith distance. As the altitudes are the comple- 
ments of the zenith distances, the difference between them must he 
the same. 

Cor. It is evident that parallax increases the zenith distance, and 
consequently diminishes the altitude. Hence, to obtain the true 
zenith distance from the apparent, the parallax must be subtracted; 
and to ohtain the true altitude from the apparent, it must he added. 

92. The sine of the parallax at any altitude is equal to the 
product of the sine of the horizontal parallax hy the sine of the 
apparent zenith distance, 

Pnt, r = AC = radius of the earth, 

D = CB = CB' = distance of the body, 
N = ang. ZAB = app. zenith distance, 
p = „ ABC = the parallax, 
P = „ AB'C = „ horizontal parallax. 
Since the angles ZAB and CAB are supplements of each other, 
their sines are equal, and we have from the triangles CAB and 
CAB', 

D : r : : sin N : sin p, 

and, D-.r:: 1 : sin P (A). 

Hence, 1 : sin P : : sin N : sin p, 

or, sin j) = sin P sin N (B). 

As the parallax is always a small angle, that of the moon, which 
is much the greatest, being only ahout a degree, we may frequently 
take the parallax itself instead of its sine (App. 51), We then 
have, 

j. = PsinN (C). 

AVhen the spheroidal figure of the earth is taken into view, the 
zenith distance must he taken in reference to the geocentric zenith, 
and r must he the radius of the earth at the place of observation, 
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93. Distance of a hody in terms of the liorisontal parallax and 
radius of the earth. 

From (92 A), we have, 

^ = '■■ -^ = ^ Y ^"^PP- ^^'^ (^) 

If E. = the equatorial radiua of tlie eartli and a = the equato- 
rial parallax, thea 

J) = U~^=nJL (E) 

Bin n « 

From these two expressions for D, we have the following relation 
between the equatorial parallax and the horizontal parallax at a 
place where r is tho radius of the earth. 

R : r : : rt : P (F) 

It also follows that the paraUaxei of different bodies, or of the 
same iody at different distances, are inversely as the distances. 

For, let D and D' be the distances of two bodies from the earth, 
and n and n' the corresponding equatorial parallaxes. Then, 

D = E. -^ and D' = R. A- 

Hence, 5- = -^, or I) : D' : : «' : « (G) 

94. To find the equatorial parallax of a hody. 

Let B, Fig. 16, be the body, and A and A' two places situated 
remote from each other on the same meridian. Let the meridian 
zenith distances ZAE and Z'A'B be observed at the same time by 
two observers at A and A', and let them be corrected for refraction. 
Also let the meridian zenith distances ZAS and Z'A'S of a star 
which passes the meridian at nearly the same time with the body, 
be observed and corrected for refraction. [The student should 
here be reminded that the lines AS and A'S are sensibly parallel 
(13)J, Then BAS, which is the difference of the corrected values 
of ZAS and ZAB, is known ; and also BA'S, the difference of 
Z'A'B and Z'A'S. Now, ALA' being an exterior angle of the 
triangle ABL, ABA' = ALA' — BAS, but ALA' = BA'S, and 
and hence, ABA' = BA'S — BAS. If the zenith distance of the 
body is greater at each place than that of the star, as may some- 
times occur when the zenith distances of the body and star are 
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nearly the same, B falls between AS and A'S. In this case it will 
easily be seen that ABA' = EA'S + BAS. Heace ABA' = tbe 
difference or sum of the known angles BA'S and BAS, is known. 
From the latitudes "Ldq and UA'q of the places A and A', the 
geocentric latitudes ^C? and /Cy may be found (76). The difference 
between 7.dq and zGq gives the angle ZAs, and this angle taken from 
the zenith distance ZAB leaves the geocentric zenith distance sAB. 
In like manner we find the geocentric zenith distance s'A'B. Put, 
N, N' = the app, geocen, aen. distances sAB and s'A'B, 
"5, P' '= the horizontal parallaxes at A and A', 
», f' — the parallaxes ABC and A'BC- 
r, r' = the radii CA and CA', 
and let B and Jt be as in the last article- 
Then since ABC + A'BO = ABA', we have _p + ^' = ABA'. 
But (92 G), ^= P sin N = «. L^?^ (93 p) 

r' sin N' 
and, p' = V sin N' 



R 

Ti r sin N + r' sin N' , , . -„ , , 

Hence, n. = « 4- «' = ABA' 

E. ^ ^ 

or, « = ABA'. — ^ 

»■ sin N + / sin N' 
The values of r and r" may he found from the latitudes of the 
places A and A' (App. 52). Hence the (Quantities in the expression 
for rf, are all known. 

It is not essential that the two observers should bo on exactly 
the same meridian ; for if the meridian zenith distances of the 
body be observed on several consecutive days, its change of meri- 
dian zenith distance in a given time will become known. Then if 
the difference of longitude of the two places is known, the zenith 
distance of the body, as observed at one of the meridians, may he 
reduced to what it would have been found to he if the observations 
had been made in the same latitude at the other meridian. 

95. Moon's paraXtax and distance. In the year 1751, La Caille 
and La Lande, two French Astronomers, made corresponding 
observations on the moon ; the former at the Cape of Good Hope 
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and the latter at Berlin. From these observations, otliers of a 
aimilav kind which have since been made, and from other methods, 
the moon's parallax has been ascertained with much greater preci- 
sion than it waa previously known. The parallax and consequently 
the distance (93) are found to vary considerably during a revolution 
of the moon round the earth. It is also ascertained that the least 
and greatest parallaxes, or greatest and least distances, in one revo- 
lution of the moon, differ materially from those in another. There 
is, however, a -mean distance, a mean of the average greatest and 
least distances, that is not subject to this change. The parallax 
corresponding to this mean distance is called the constant of the 
parallax. The constant of the moon's equatorial parallax is found 
to be 57' 4". The equatorial parallax when least, is about 53' 54", 
and when greatest, 61' 32". 

Prom tables that will be hereafter noticed, called lunar tables, 
the equatorial parallax of the moon may be obtained for any given 
time. The parallax computed from these is given in the Nautical 
Almanac* for every 12 hours throughout the year ; whence it may 
easily be obtained for any intermediate time. From the equatorial 
parallax the horizontal parallax at a given place may be found by 
{93 F), or by a table computed for the purpose. 

Taking the moon's parallax 57' 4", we have, (93 E), 

D = R. -^ = R -^-^= R X 60.24 = 239,000 miles, nearly, 
rt 3424 

Hence the moon's mean distance from the earth is about 60 

times the equatorial radius of the earth or 239,000 miles nearly. 

The least distance is about 56 times the equatorial radius, and the 

greatest 64 times that radius, 

96. Sun's parallax and distance. By the preceding method 
(94), the sun's parallax may be ascertained to be about 9", By a 



* The Naaticai AVmanac is an nstronomioal Bphemcris, published annually at 
liondon and tepublished nt New York. It contiiins a large amount of data of 
great importance to the mariner and also to the pcacticnl astroDomer. It is nau- 
ally published about three years prior to the year for whioh it is computed. The 
Connaiisance des Tims, published at Paris, the Aafronomiacha Jahrbuck, published 
at Berlin, and the Effsmeridi AalTonontkhe, publiBhed at Milan, are ephemerides 
of a similar character. The American Ephemerii and Ifatilieal AlmanoB, a ircrk 
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method that will he noticed in a subsequent chapter, Ills mean 
equatorial parallax has been found to bo 8". 6. The parallax when 
least is about 8".5, and when greatest about 8". 7. From the mean 
parallax the mean distance is found to be 23,984 tunes the equatc- 
rial radius of the earth, or 95,000,000 miles neaily (93 E). 

97. Tki apparent semidiameter o? diameter of a body, seen at 
different distances, is inversely propojtional to the distance. 

Let A and A', Fig. 17, be two positions from which a body, whose 
centre is C, is viewed. Then AB and A'B' being tangents to the 
body at B and B', the angle CAB is the semidiameter of the body 
as seen from A, and CA'E as seen from A'. Put S = CAB, 
i'= CA'B, D = AC, and D' = A'C. Then D sin fi = CB = CB' = 
D' sin i', or D X s = D' X a'. Hence, 

D : D' : : i' : £ : : 2 i' : 2!. 

Regarding CE, Fig. 15, the distance of a body from the centre 
of the earth, as constant, the distance AB from a place on the 
surface must diminish as the altitude increases ; and consequently 
the apparent semidiameter of the body, as seen from A, must in- 
crease. The apparent semidiameter, when the body is in the hori- 
zon, is sometimes called the horizontal semidiameter, and when it 
18 elevated, the augmented semidiameter. When the expression, 
apparent semidiameter, is used without reference to the altitude 
of the body, it implies that of the body when in the horizon. 

98. The sine of the apparent zenith distance of a hody is to the 
sine of the true zenith distance, as the apparent diameter of the body 
at that zenith distance is to the horizontal diameter. 

Let a be the horizontal semidiameter of the body, and 6' the ap- 
parent diameter at B, Fig. 15, Then (97), AB' : AB : ; i' ; 6, or, 
since AB' may be regarded as sensibly equal to OB' or CB, we 
have CB : AB : : 8' : a. But CB : AB : : sin ZAB : sin ZCB. 
Hence, 

sin ZAB : sin ZCB : : J' : 5 : : 26' : 2a. 

recently commenced by our government, is equal in value and in some piirti- 
oolars superior to any one published in Europe. The number for tbe jeor I8S6 
bM already been published, and that for 1859 will shortly oppear. It is ander 
the saperintendence of Commander Charles Ileury Daris, of the U. S. Ctavy. 
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If t!ie apparent diameter of a body be measured ivith a micro- 
meter at any observed zenith, distance, and the apparent and true 
zenitli distances be obtained (80 and 91), the above proportion 
gives the horizontal diameter. 

For the moon, the difference between the apparent diameters ia 
the horizon and zenith, amounts to about half a minute. For other 
bodies, the difference is nearly or quite insensible. 

99. The sine of the equatorial parallax of a lody is to the sine 
of the apparent semidiam&ter in a constant ratio. 

For if R = equatorial radius of the earth, E' = radius of the 
body, and D = distance of the body from the earth, we have (93 
E) R = D sin « and (97) R' = D sin S. Hence sin « : sin B : : R 
; R', Therefore, since R and R' are constant quantities, the 
ratio of sin n : sin S, is constant. For the moon this ratio ia as- 
certained to be, sin « : sin 6 : : 1 : 0.27304. 

"-or 2R' 

= 2R — . Hence, putting d = equatorial diameter of the earth and 
d' = diameter of the body, we have d' = d — (H) 

100. Apparent and real diameters of the Sun and Moon. The 
apparent diameter of the sun at his mean distance from the earth 
is 32'3".6. When least, it ia 31' 32".0, and when greatest, 
32' 36".5. 

The apparent diameter of the moon at her mean distance is 
31' 39".6. When least, it is about 29' 26", and when greatest, 
83' 37". 

Taking the sun's apparent eemidiameter at his mean distance, 
and the corresponding parallax (96), we find (99 II) the sun's 
real diameter to be nearly 112 times the equatorial diameter of the 
earth, or more than 880,000 miles. His bulk is therefore about 
fourteen hundred thousand times that of the earth. 

In like manner we find the moon's diameter to be about ^^ of 
the equatorial diameter of the earth, or 2160 miles. 

The moon's surface is therefore about ^j of that of the earth, 
and her volume or bulk about -^^ of the earth's volume. 
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CHAPTER Vn. 



POLAR DISTANCE OF A BODY — APPARENT DIURNAL MOTIONS OP 
THE FIXED STARS UNIPORM — MOTION OP THE EARTH ON 
ITS AXIS. 

101. Thepolar distance of a hody, wJien on the meridian, is equal 
to the sum or difference of the complement of the latitude of the 
place and the zenith distance of the hody, according as it eliminates 
to the south or north of the zenith. 

Let M, Fig. 1, be the point at which a hocly is when on the me- 
ridian of the place A. Then PM= PZ + ZM. But PM is the 
polar distance of the body, ZM its zenith distance, and PZ the 
complement of the latitude of the place. If the body be on the 
meridian at I, to the north of the zenith, we have PI = PZ — IZ; 
if at F, we have PF = FZ — PZ. 

102, To find the polar distance or declination of a hody. Let 
the meridian zenith distance of the body be observed at a place 
whose latitude is known, and be corrected for refraction and paral- 
lax. Then, by the last article, the polar distance becomes known. 
If the body is a fixed star, the zenith distance only requires cor- 
rection for refraction, as the star has no sensible parallax. When 
the body has a sensible diameter, the apparent semidiameter added 
to, or suhtracted from, the observed zenith distance of the upper or 
lower limb, when corrected for refraction and parallax, gives the 
true zenith distance of the centre. 

The declination is evidently eqaal to the difi'erence between the 
polar distance and 90°, and is north or south, according as the 
polar distance is less or greater than 90°. It therefore becomes 
known when the polar distance is known. 

The polar distances or declinations of the heavenly bodies, are 
found to vary more or less from day to day, except those of the 
fixed stars, which continue sensibly the same for several days in 
succession ; but after a longer interval, changes become also per- 
ceptible in them. 



;;■ Google 



CHAPTER Vir. 53 

103. The apparent diurnal motion of a fixed star is in a circle, 
of which the north pole of the heavens is a geometric pole, and it is 
un^orm. 

As, by the iaat article, the polar distance PS, Kg. 1, of a fixed 
star S, docs not sensibly change during the interval of a day, the 
apparent diurniil motion must be performed in a circle MSLU 
about the pole P. To prove that its motion is uniform, let the ze- 
nith distances of the star be observed, when it is on the meridian 
at M, and when in other positions S, S', &c., and let the times of 
observation, as shown by a good sidereal clock, be also noted. The 
observed zenith distances, when corrected for refraction, give the 
true zenith distances ZBI, ZS, ZS', &c. ; from the first of which the 
polar distance of the star becomes known. Then, since ZP is the 
complement of the latitude of the place, and PS, P8', &c., the 
polar distance of -the star, we know all tte sides in each of the tri- 
angles PZS, PZS', &c., and may compute the hour angles ZPS, 
ZPS', &c. The hour angles thus computed are found to be propor- 
tional to the intervals between the times the star has the positions 
M and S, M and S', &e. The hour angle ZPS, therefore, increases 
uniformly with the time, and consequently the apparent diurnal 
motion of the star is uniform. 

If one of the positions of the star be near the horizon as at S", 
a little discrepancy in the result is sometimes found. This depends 
on the uncertainty of the correction for refraction at these low 
altitudes ; and observations of this kind serve to determine the 
proper amount of the correction. Por, the rate of the clock having 
been ascertaaned, the true interval between the times at which the 
star has the positions M and S" becomes known, and thence the 
hour angle ZPS". Then, in the triangle PZS", we have the sides 
ZP and PS" and the included angle ZPS" to find ZS". The 
difference between the observed and computed values of ZS" must 
be the refraction. 

104. The apparent diurnal revolutions of the heavenly bodies 
from east to west, is produced hy a real, uniform revolution of the 
earth on its axis from west to east, during a sidereal day. 

The apparent diurnal motion of a heavenly body, is not one that 
becomes at once perceptible to the view, like that of a meteor 
through the air. But, in repeated observations at intervals of 
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sufficient length, we see it at each succeeding ohservation, when it 
is to tlie east of the meridian, become more and more elevated and 
nearer the meridian, and when to the west, leas and less elevated 
and farther from the meridian; and not feeling conscious of any 
motion ourselves, we impute this continued change of position to a 
■westerly motion in the body. The change of position with regard 
to the horizon and meridian, and consequently the apparent motion 
of the body, must, however, be precisely the same, if, instead of 
the body revolving round the earth from east to west, the earth 
itself revolves round its axis from west to east, mating a complete 
revolution in a sidereal day. Thus the hour angle MPS, Fig. 1, 
and therefore the apparent motion of a star 8, wii! be exactly the 
same to an observer at A, whether we suppose the star to move 
westwardli/ from M to S in any observed time, or suppose that, in 
consequence of a rotation of the earth on its axis, the meridian 
PMP', of the place A, moves, in the same time, metwardJii from the 
position PSP' to the position PMP'. As the appearance is there- 
fore the same on either supposition, it is more reasonable to assume 
this rotation of the earth on its axis than to suppose that all the 
heavenly bodies, situated at immense and various distances, should 
have motions so adjusted as to revolve rownd it in the same or 
nearly the same time. This assumption of the earth's rotation on 
its axis is confirmed by many astronomical facts. 

An experimental confirmation of tho earth's diurnal motion may 
he mentioned here. Assuming this motion, the top of an elevated 
tower must, in consequence of its greater distance from the earth's 
axis, move eastwardly faster than the bottom. Hence a stone, or 
other heavy body, let fall from the top of the tower, and retaining, 
by virtue of its inertia, the excess of the forward or eastwardly 
motion which it had at the top, must fall a little to the eaM of the 
vertical line through the point from which its fall commenced, 
Now, several experiments of this kind have been made, and the 
fall of the body has always been found to be in accordance with 
the assumed rotation of the earth. 



,v Google 



CHAPTEK VIII. 



CHAPTEE VIII. 
earth's annual motion — TUE sun's apparent path — 

OBLIQUITY OP THE ECLIPTIC— POSITIONS OF THE FIXED STARS 
— CONSTELLATIONS — CATALOGUES OE THE FIXED STARS. 

105. Sun's apparent motion, meridian altitude, and declination. 
When the stin is observed on any day to be on the meridian at the 
same instant ■with eoroe fixed star, he is found, on the next day, to 
be a little distance to the east when the star returns to the meri- 
dian, and comes to it about four minutes later than the star. On the 
third and succeeding days, he is still farther and farther to the east 
when the star returns to the meridian. lie has therefore an appa- 
rent motion among the stars from west to east, as has been already 
Stated (7). 

The meridian altitude of the aun changes from day to day. On 
the 20th of March and 22d of September, it is the same or nearly 
the same, as that of the point of the equator which ia on the 
meridian. lie is therefore, at these times, in or nearly in the 
equator. From the 20th of March to the 22d of September, his 
meridian altitude is greater than that of the meridian point of the 
equator ; and consequently, during this period, he is to the north of 
the equator and his declination is north. From the 22d of Sep- 
tember to tho 20th of March, his meridian altitude is less than 
tliat of the meridian point of the equator ; he is therefore to the 
eouth of the equator and his declination is south. The greatest 
meridian altitude and north declination occur on tho 21st of June ; 
and the least meridian altitude and greatest south declination on 
the 21st of December. The greatest north and south declinations 
are found to be equal, each being about 23° 28'. 

It follows, from the preceding observations, that about one half 
of the sun's apparent path among the fixed stars lies to the north 
of the equator, and tho other to the south. 

106. The sun's apparent annuai path is a great cirale of the 
celestial sphere. 

On several consecutive days about the 20th of March, let the 
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aun's polar distance, when on the meridian, be obtained (102), and 
also the interval of time, as shown by a well regulated sidereal 
clock, between the time of the passage of the sun's centre over 
the meridian and that of some fixed star. It will commonly be 
found that, on the first of some two consecutive days, the sun's 
polar distance is greater than 90°, and on tho second, less than 
dO". The sun must, therefore, in the intermediate time, have 
passed from the south to the north side of the equator. 

Let EQFB, M^. 18, be the equator, P and P' its poles, and 
ECFD the sun's apparent path. Let a and b be the places of the 
sun in his apparent path, when on the meridian at the two noons 
preceding, and following his passage from tho south to tho north 
side of the equator, S, the star whose passages over the meridian 
were observed, and Va'a, 'Phb', and PSG, arcs of declination circles. 
'The intervals of time between the passages of the sun over the 
raei-idian and those of the star give, when converted into degrees 
(63), the angles GPa' and GP6', or the arcs Ga' and Gh', which are 
their measures. The difference between Ga' and G6' gives a'b'. 
Then, the changes in the sun's polar distances and in the intervals 
of time being very nearly uniform, as will appear from examination 
of their values on several preceding and following days, we have, 
Pffl — P& : aa' : : a'h' : a'E. The arc a'E taken from Ga' leaves 
GE, the distance of the point E from the declination circle through 
the star.* 

Let c and d be the places of the sun in his apparent path when 
on the meridian at any subsequent times, and let the declinations 
ce' and dd' and the arcs Gc' and Gd' be obtained from observations 
as above. From the values of the latter and of GE, we know Ec' 
= GE — Ge', and 'Ed' = GE — Gd'. Then, whatever be the sun's 
places c and d, it is found that the values of the quantities Ec', 
Ed', cc', and dd' are such that the proportion, sin Ec' : sin Ed' : : 
tang cc' : tang dd', is always true. But assuming EOFD to be a 
great circle, we have, from the right angled spherical triangles Ec'c 
and Ed'd (App. 48), tang cc' = tang E sin Ec', and tang dd' = 
tang E sin Ei^' ; which gives the same proportion. Hence the 



* From the observations of BOTCral oonsooative days, the arc GE maj be found 
with great precision, by a method of oompntation called interpolaiion. Some oases 
of tliie method will be found in the appendix. 
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SttTi's apparent path ECFD is a great circle, cutting the equator in 
two opposite points E and F. 

107. The apparent motion of the sun around the earth, is pro- 
diiced hy a real annual motion of the earth round the sun. 

Let S and E, Mff. 19, be the situations of the sun and earth 
respectively, at any instant of time, fg, a part of the sun's apparent 
path in the celestial sphere, a, the apparent place of the sun, and 
s, a fixed star, supposed to be situated in the apparent path. Then 
will sEa be the angular distance of the sun from the star. If we 
suppose the sun to move from S to S' in any given interval of time, 
his angular distance from the star will become eE6. But if, instead 
of supposing the sun to move, we suppose the earth to move, in the 
same interval of time, through the same angular distance from E 
to E', the sun's angular distance from the star will then become 
sE'c. As the angles E'SE and SES' are equal, E'S and ES' are 
parallel, and the angle sE5 = sFc = sE'c + EsE'. Hence the an- 
gular distance of the sun from the star, at the end of the interval, 
differs, on the two suppositions, by the angle EsE'; and conse- 
quently the sun's apparent motion, during the interval, differs by 
the same quantity. 

If we assume the distance Ee of the star to be so great that the 
distance from E to E', whatever be their situations, is extremely 
small in comparison with it, the angle EsE' will also be extremely 
small. Consequently, on this assumption, the sun's apparent motion 
will be sensibly the same, whether we suppose the sun to revolve 
round the earth, or the earth to revolve round the sun. But, as 
the bulk of the sun is more than a million times that of the earth 
(100), it seems highly improbable that the former revolves round 
the latter as the central body. The reasonable conclusion there- 
fore is, that the earth revolves round the eun in the course of a 
year, in the same plane in which the sun appears to move, and 
thus produces the sun's apparent motion. This conclusion is con- 
firmed by various astronomical facts ; some of which will be noticed 
in their proper places. But although the earth's annual motion is 
fully established, astronomers frequently find it convenient to 
speak of the sun's motion ; always, however, meaning the apparent 
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As the eartk revolves round the sun in ahout 365^ days, at a 
diBtance of 95,000,000 miles (96), it may he found, by a simple 
computation, that its annual motion must be at the rate of about 
19 miles in a second. 

DEriHITIONS. 

108. The Edlptic is that great circle of the celestial sphere, 
■ffhich the sun appears to describe in his apparent annual motion. 

The plane of this circle, which necessarily passes through the 
centres of the earth and sun, is called the plans of the ecliptic, or 
sometimes simply the ecliptio. 

109. The Zodiac is a zone of the celestial sphere, extending 8° 
or 9° on each side of the ecliptic. 

The sun and moon, and all the principal planets, have their 
motions within the limits of the zodiac. 

110. The Ohliquity of the Ecliptic is the angle which the eclip- 
tic makes with the equator. Thus, the angle QEC, Fig. 18, is the 
obliquity of the ecliptic. It is evidently measured by CQ or ED, 
the greatest north or south declination of the sun. The obliquity 
of the ecliptic is about 23° 28'. 

111. The Equinoctial Points or Equinoxes are the two points 
in which the ecliptic and equator intea^ect each other. The point 
at which the sun passes from the south to the north sitle of the 
equator is called the vernal equinox, and the other, the autumnal. 
Thus E is the vernal equinos, and F the autumnal equinox. The 
straight line, joining the equinoctial points E and F, is called the 
line of the equinoxes. 

The Solstitial Points or Solstices are the two points in the 
ecliptic at which the sun's declination is the greatest, north and 
south. They are therefore 90° from the oquinoses. That to the 
north of the equator is called the summer solstice, and the other, 
the winter. Thus C is the summer and D the winter solstice. 

The terms equinox and solstice are also used to denote the times 
at which the sun is at those points.* 

* Formerly they weie usad only to rofer to tlie times. At present they are 
applied to both the times and points : tke contest always indicating tlio sense in 
vhich they tire ased. 
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112. The Signs of the Ecliptic are twelve e^ual parts, into 
which the ecliptic is conceived to be divided, beginning at the 
vernal equinox and proceeding eastward. Each sign therefore 
contains 30°. They are designated by names or characters as in 
the following table. 

1. Arios T 1. Libra =2= 

2. Taurus » 8. Scorpio m, 

3. Gemini n 9. Sagittarius } 

4. Cancer s 10. Capricornus V5 

5. Leo .TL 11. Aquarius CS? 

6. Virgo ^ 12. Pisces 5C 

The vernal equinox is sometimes termed the First ^oint of Aries. 

A body or a point is said to have a direct motion, when its 
motion is from west to east, according to the order of the signs of 
the ecliptic, and a retrograde motion when the motion is in a con- 
trary direction, or from east to west. 

113. The Equinoctial and Solgtitial Golures are two ileclina- 
tion circles passing through the equinoxes and solstices. Thus, 
EPFP' is the equinoctial colure, and PCP'D is the solstitial colure. 

It is evident that the solstitial colure passes through tho poles p 
and p' of the ecliptic, as well as through those of the equator, and 
that the equinoctial points E and F are its poles. 

114. The Tropics are two small circles parallel to the equator 
and passing through the solstices. That to the north of the equa^ 
tor is called the tropic of Oancer, and that to the south, the tropic 
of Capricorn. Thus CC is the tropic of Cancer, and DD' the 
tropic of Capricorn. The distance of the tropics from the equator 
is evidently equal to the obliquity of tho ecliptic. 

The Polar Circles are two small circles parallel to the equator, 
and at a distance from its poles equal to the obliquity of tho eclip- 
tic. That about the north poio is called the arctic circle, and that 
about the south pole, the antarctie. Thus pq is the arctic, aiid p'q' 
the antarctic, circle. 

Circles corresponding to the tropics and polar circles, and 
hearing the same names, are conceived to be drawn on the earth's 
surface, dividing it into five portions called zones. The zone be- 
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tween tte tropics is called tbe torrid zone ; the two between the 
tropica and polar circles are called the temperate zones ; and the 
two within the polar circles are called t\ie frigid zones. 

115. The Right Ascension of a body is the are of tlio equator 
intercepted, to the east, between the vernal equinox and a, declina- 
tion circle passing through the body. Thus EG is the right 
ascension of the star S. 

The right ascension and declination (27) of a body, designate its 
situation in reference to the equinoctial colure and the equator, 

116. A Circle of Latitude is any great circle passing through 
the poles of the ecliptic. The arc ^SH is part of a circle of 
latitude. 

117. The Longitude of a body is the arc of the ecliptic inter- 
cepted, to the east, between the vernal equinox and a circle of 
latitude passing through the body. 

The Latitude of a body is the arc of a circle of latitude inter- 
cepted between the body and the ecliptic. Tbe latitude is north 
or south, according as the body is on the north or south side of 
the ecliptic. Thus, EH is the longitude, and HS tbe latitude, of 
the star S, north. 

The longitude and latitude of a body designate its place in 
reference to the circle of latitude passing through the vernal equi- 
nox and the ecliptic. 



118. To find the ohUquity of the ecliptic. The obliquity of tbe 
ecliptic may be found from tbe equation, tang dd' = tang E 
sin E(Z' (106), in which dd' and "Ed' are known from observation, 
and the angle E is the obliquity of tbe ecliptic. This gives. 



tang E i 



tang dd' 
" sin Ed' ■ 



It may however be more accurately obtained from tbe sun's 
declination, found for several days at noon (102), about tbe time 
of either solstice. From these declinations, the value of CQ, the 
greatest declination, may be deduced by interpolation; and this 
expresses the obliquity of the ecliptic (110)- 
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The obliquity is subject to some slight changes that will be no- 
ticed ia the next chapter, 

119. To change the right axeension and decimation of a body 
into loTigitude and latitude, or the contrary. 

Let S be the body, and let E and S be joined hy an arc of a 
great circle. Put t = angle QEC = obliquity of the ecliptic, 
which ia supposed to he known, A = EG, the right ascension, 
D = US, the declination, L = EII, the longitude, J- = HS, the 
latitude, N = the angle GES, and N' = the angle HES. 

Then, for the change from right ascension and declination to 
longitude and latitude, we have, from the triangles EGS and EHS 
(App. 48 and 49), 

tangN =. *t"S D ^^^ j,g ^ tangA_ 

* Bin A * cos N 

„^-, ^„ cos (N — t) tang A 

tang L = cos HES tang ES -=— — ^ =1= 5_ ; 

° ° cos iS 

tang X = tang (N — *) sin L. 

For the change from longitude and latitude to right ascension 

and declination, we have, in like manner, 

tang 51 , „„ tang L -,j 

tang N' = -. V; an'l tang ES = — —-■ Hence, 
sm ii cos Is' 

„^„ ^„ cos (W + tang L . 
tang A = cos GES tang ES = — -^ ^7 — ^—> 

tang D = tang (N' + i) sin A. 

When the declination or latitude is south it must be taken nega- 
tive. The subsidiary arc N or N' may always be taken affirmative 
and less than 180°. When one of the quantities L and A ia in 
either the fourth or first quadrant, it is evident the other must be 
in one of these two ; and when one of them is in either the second 
or third quadrant, the other must be in one of these. With attention 
to these remarks and to the trigonometrical rules for the signs of 
the quantities, the preceding formulae are applicable, whatever be 
the situation of the body. 

For the sun, or any point in the ecliptic, as S', we evidently have 

tans L = — 2 — ; tang A = cos f tang L : 

^ COS e 

tang D = tang £ ain A, or sin D = sin ; sin L, 
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FIXED STARS. 

120. Positions of the fixed stars. WlienEG, the rigtt ascension 
of one star S, has been obtained (106), the right ascension of aoy 
other horiy may he found from the observed interval in sidereal 
time, between its passage over the meridian and that of the star. 
This interval added to the right ascension of the star, expressed 
in time, or subtracted from it, according as the passage of the body 
is later or earlier than that of the star, will evidently give its 
right ascension in time. The method of finding the polar distance 
or declination lias been already given (102). 

When the right ascensions and declinations of the stars have 
been found from observations, their longitudes and latitudes may, 
if required, be computed by the last article. 

121. Oonstellations. The ancients, in order to distinguiah the 
various groups of stars, imagined figures of men, animals, and 
other objects, to be drawn around them in the concave surface of 
the celestial sphere. The group of stars contained within the con- 
tour of any one of these imaginary figures is called a Qonstdlation. 
Each constellation bears the name of the figure which limits it. 

The number of constellations formed by the ancients is 48. To 
these about 40 have since been added ; some of them being small 
constellations, formed of stars not included in the ancient constella- 
tions, but most of them are in that part of the southern hemisphere 
not visible to the ancient observers. Twelve of the constellations 
follow one another along the ecliptic, and bear the same names as 
its signs. These are called zodiacal constellations, 

122. Stars of a consteUatiori. "The stars of a constellation are 
distinguished from one another by the letters of the Greek alpliabet, 
which are applied to them according to their apparent relative size 
or brightness. The principal star in the constellation is usually 
named % the second &, the third y, and thua on. When the num- 
ber of stars in a constellation exceeds the number of letters in the 
Greek alphabet, as it generally does, the remainder are designated 
by the letters of the Roman alphabet or by numbers. The expres- 
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sion a Lyrse, denotes the star a. in the constellation Lyra, a liarp ; 
and so of otters. 

Some of the stars have particular names, aa Sinus, Aldeharan, 
Arcturus, &c. 

123. Definition. A Catalogue affixed stars is a table containing 
a list of stars with their right ascensions and declinations, or their 
longitudes and latitudes. 

The first catalogue was formed hy Hipparehus, about 130 years 
prior to the Christian era ; and contained the positions of nearly 
1000 stars. Various catalogues have since been formed ; some of 
them containing the situations of many thousands of stars, most 
of which are only visible by the aid of a telescope. 



PKECESSION OF THE EQUINOXES — ABBEKATION — NUTATIJ3N. 

124. Position of the ecliptic and motion of fhe equinoxes. From 
comparisons of catalogues of the stars, formed at different times, it 
is found that the latitudes of the stars continue always nearly the 
same. Hence the portion of the ecliptic among the stars must 
he fixed, or nearly so. 

But it is found, from these comparisons, tnat the longitudes of 
the stars aro continually increasing at the rate of about 50" in a 
year. This increase of longitude is common to all the stars, and, 
except for a few, is the same for each star. It cannot therefore 
be reasonably imputed to motions in the stare themselves. Hence 
it follows that the vernal equinox, the point from which longitude 
is reckoned, must have a backward or retrograde motion along the 
ecliptic, equal to the increase in the longitudes of the stars. Let 
ECFD, Fig. 20, be the ecliptic, p and p', its poles, E, the place of 
the vernal equinox at any time, and E', its place at some subse- 
quent time, it having, during the intermediate time, retrograded 
along the ecliptic through the arc EE'. Then must the longitude 
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of any stsir S, be changed during this interval of time from EH to 
E'H ; being increased by the quantity EE'. 

As the autumnal equinox is always directly opposite to the 
vernal equinox, it must have the same motion. 

125. Definition. The Presession of the Equinoxes is the retro- 
grade motion which they have along the ecliptic. It i950".2 in a year. 

326. The poles of the equator revolve with retrograde motions in 
STnall circles around the poles of the ecliptic, at distances equal to 
the obliquity of the ecliptic. 

As the ecliptic remains in a fixed position or nearly so (124), it 
is evident the equator must change its position, othenviso there 
could be no motion in the equinoctial points; and a motion of the 
equator must necessarily produce motions of its poles. Let ECFD, 
Fit/. 20, bo the ecliptic, p and p', its polos, and Tab, a small circle 
about the pole p, at a distance equal to the obliquity of the ecliptic. 
Then, since the distance between the poles of two great circles is 
equal to the angle they make with each other, if we suppose the 
obliquity of the ecliptic to continue the same, as it does nearly, 
the north pole of the equator must always be in the circle 'Fab. 

Let EQFB he the position of the equator at any time. Then 
will the great circle pCp'D, having for its poles the equinoctial 
points E and F, be the position of the solstitial colure at that time 
(113), and P must therefore be the place of the north pole of the 
equator. Let E'Q'F'B' be the position of the equator at some 
subsequent time. Then will the great circle pG'p'J)', having for 
its poles the equinoctial points E' and F', be the position of the 
solstitial colure, and V, the position of the north pole of the equa- 
tor. Hence, while the vernal equinox has retrograded from E to 
E', the pole has retrograded from P to V in the email circle Fah. 
The south pole of the equator must evidently have a corresponding 
motion. 

Oor. Since E and E' are the poles of pVp' and pVp', the arc 
EE' is the measure of the angle VpV. Hence the angular motion 
of the pole of the equator round the pole of the ecliptic is equal 
10 the precession of the equinoxes : that is, it is 50".2 a year. It 
must therefore require nearly 26,000 years to mate a complete 
revolution. 
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127. Precession in Right Aseension. If Em be perpendicular 
to E'G', then will E'm be the retrograde motion of the equinox in 
right ascension, eometimes called the precession in right ascension. 
Taking EE' = 50".2, we find Wm = 46", the annual precession 
in right a 



128. Annual Variations in right ascension and declination. As 
the longitudes of the stars are continually changing, their right 
ascensions and declinations must also change. These changes are, 
however, very different for different stars, depending on their posi- 
tions. The change in the right ascension or declination of a star 
during a year, is called its annual variation in right ascension or 
declination. If we suppose E and E' to bo two positions of the 
vernal equinox at an interval of a year, and PgG and VsG' to be 
arcs of declination circles through a star at s, the annual variation 
of the star in right ascension will be the difference between EG 
aiid E'G' ; and its annual variation in doelination, the difference 
between sG and sG'. 

Formuije are easily investigated for computing the annual varia- 
tions in right ascension and declination.* In catalogues of the 
stars, the values of the annual variations for each star, computed 
for the time for which the catalogue is formed, are annexed to the 
right ascension and declination of the star at that time. From 
these, the right ascension and declination of any star, contained in 
the catalogue, may be found for any given time, provided it be not 
many years distant from the time for which the catalogue was 
formed. In consequence, however, of small changes which the 
annual variations themselves undergo, from the changes in the 
positions of the stars in reference to the equator, it is requisite that 
new catalogues should be occasionally formed, 

128 a. Constellations of the zodiac and aign^ of the eeliptie. At 
the time of the first catalogue of the stars, 130 years prior to the 
Christian era, the signs of the ecliptic corresponded very nearly 
to the constellations of the zodiac bearing the same names. But, 
in the interval of nearly 2000 years since that period, the venial 
equinox has retrograded about 28° ; so that the sign Taurus now 

* Seo Appendis, art. 54. 
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nearly corresponds with the constellation Aries, the sign Gemini 
with the constellation Taurus, and so for the others, 

129. Visible effect of the preaegaion of tTie equinoxes. The effect 
of the precession of the equinoxes becomes, in the course of ages, 
very conspicuous in the northern and southern parts of the heavens. 
The poles of the heavens, in their slow retrograde revolutions about 
the poles of the ecliptic (126), meat approach near to different stars 
in succession. At the time the first catalogue of the stars was 
formed, the north pole was nearly 12° distant from the present 
pole Star, and its distance from it is nov only about 1J°. The 
pole will continue to approach this star till the distance between 
them is about Jmlf a degree, and will then recede. In a period of 
12,000 years from the present time, the pole will have arrived 
within about 5° of a very bright star, a Lyree, from which it is now 
more than 50° distant, and consequently will then be more than 
40° from the present pole star. 

This continual change in the position of the pole, must also make 
changes in tho class of stars that are circumpolar at any given 
place. For a star cannot be circumpolar at any place, if its dis- 
tance from the pole is greater than the altitude of the pole at the 
place, or (57) than the latitude of the place. In process of time 
our present pole star will cease to be a circumpolar star in the lati- 
tude of Philadelphia. The student will, however, observe that these 
changes must be periodical. At the termination of a period of 
26,000 years (126), the position of tho pole, with reference to the 
stars, and consequently the class of circumpolar stars at a place, 
will again become nearly the same as at tho commencement of that 



130. Cause of the precession of the equinoxes. Investigations in 
phjrsioal astronomy prove that the procession of the equinoxes is 
produced by the attractions of the sun and moon on that portion of 
the earth that is on the outer side of an imaginary sphere, con- 
ceived to be described about the earth's axis. The effect of these 
actions is a slow change in the direction of the earth's axis, and 
consequently corresponding changes in the positions of the equator 
and its poles. 
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ABERRATION. 



131. Dr. Bradley's Observations. In the early part of the laet 
century, Dr. Bradley, a eelehrated English astronomer, commenced 
a series of accurate observations on the positions of some of the 
fixed stars, which he continued for a number of years. In the 
course of these observations, he found the apparent places of the 
stars to be subject to periodical changes, amounting, in some, to 
about 40", and that the period of these changes was a year. After 
several unsuccessful attempts to account for these changes, it at 
length occurred to him tliat tKe annual motion of the earth, com- 
bined with the motion of light, must generally cause a star or other 
heavenly body to appear to be in a position different from its true 
position ; and, on investigation, he found that the changes in the 
apparent positions of the stars which must thus be produced, cor- 
responded with those ho had observed. 

132. Effect of the combined motions of tie earth and of light on 
the apparent place of a body. From phenomena that will be here- 
after noticed, it had been ascertained, prior to the time of Bradley, 
that the transmission of light, though inconceivably rapid, is not 
instantaneous. It occupies 8 ni. 13 sec. in passing the distance 
from the sun to the earth, and consequently moves with a velocity 
of about 192,000 miles per second. The velocity of the earth in 
its annual motion is 19 miles per second (107). Disregarding the 
motion of an observer at the earth's surface, that is produced by 
the rotation on the axis, which is small in comparison with the an- 
nual motion, let BD, Ftg. 21, be the path im which he ia carried at ■ 
any time by the annual motion of the earth, during an interval eO 
short that the path may be regarded as straight. Let E be any 
point in ED, s, the position of a star, having the direction Es from, 
the poiiitE, AE,.thedi3tance through which the observer is carried 
during some, small interval of time, and Ea, the distance through 
which light moves in the same time. Let A'a', X"a", kc, and E«', 
be. drawn parallel to Aa / and the former will divide EA and Ea 
proportionally. Then,, if a particle of light in the ray sE be at a 
when the observer is at A, it will be at a' when he is at A', at a" 
when he is at A", &c. The particle therefore continues in the 
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same direction from him while he ia moving from A to E, and will 
meet hia eye at E, coming to it in the direction s'E, and conse- 
quently making the impression of having come from a star at s'. 
The same applies to a aeries of particles, or, in the undulatory theory 
of light, to a series of undulations. Hence the star s will appear 
to him to he at «', deviating from its true position hy the angle sEs'. 

This phenomenon may bo illustrated hy supposing a drop of rain 
falling in the direction Of the line SE, and a hollow tube, with its 
axis in the position A« at the instant the drop reaches the point a, 
the tube moving from A.a to Es' wLilo the drop falls from a to E. 
It is plain that the drop will, in its descent along the line aE, de- 
scribe the axis of the tube ; and that to a person looking through 
the tube, and carried along with it, unconscious of his own motion 
and of that of the tube, the drop would seem to fall in the oblit^ue 
direction of the tube. 

In the triangle AEa we have Ea : EA : : sin EA« or sin DEs' : 
sin AaE or sin sEs'. But Ed : EA : : veloc. of light : veloc. of 
earth : : 192000 : 19. Hence 192000 : 19 : : sin DEs' : sin sEs' 

= — sin DEa'. Or (App. 51), 

192000 

- sm DEs' ; 



192000 
19« 



1 DEs' = 20".3(3 sin DEs', 
192000 

or, eEs' = 20". 36 sin DEs, without sensible error. 

When the angle DEs is a right angle, the deviation sEs' is 20",36, 
which is its greatest value. 

The deviation evidently takes place in the direction in which the 
earth is moving, and will, therefore, have opposite directions at 
opposite seasons of the year. Thus if EFE'F', Fig. 22, be the 
direction in which the earth revolves round the sun, the direction 
of its motion when at E, will be BD, and the deviation of the star 
s will be to the right ; but when the earth is at E', the direction of 
its motion will be E'D', and the deviation of the star will be to the 
left. Therefore the whole change thus produced in the apparent 
place of a star may amount to twice the greatest value of sEs', or 
about 41". 
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Tho direction in which the earth is moving at any time is known 
from the sun's longitude. For let EV he the direction of the ver- 
nal equinox. Then the angle VES expresses the eun'a longitude, 
and VED, the direction of the point of the ecliptic towards which 
the earth is moving when at E. Now, regarding the earth's orbit 
as a ciicle, the angle SED is a right angle. Hence VED = VES 
— 90° ; or the longitude of tho point of the ecliptic towards which 
the earth is moving at any time, is less by 90° than the bud's 
longitude. 

For a planet, the amount of deviation, at any time, is increased 
or dimiaished by its own motion during the time the light is passing 
from it to the eai th. 

133. Aherration. The deviation produced in the apparent place 
of a heavenly body hy the combined motions of the earth and of 
light, is called Aberration. 

The uranographical effect of aberration is that each star appears 
to describe annually an ellipse, having, for its centre, the true 
place of the star ; the major axis of the ellipse being 40."*?' ; and, 
the minor axis being etjual to the maximum aberration of the star 
in latitude or, 40."7 X sine of star's latitude. Tor a star in the 
ecliptic, the latitude being nothing, the minor axis of the ellipse 
will be zero, and the star will appear to move along the ecliptic. 
For a star at the pole of the ecliptic, the latitude being 90°, the 
minor axis of the ellipse will be 40."7 or, equal to the major axis, 
and the star will therefore appear to describe a circle about the 
pole of the ecliptic. 

By formulae which have been investigated for the purpose, 
the correction for aberration in the right ascension, declination, 
longitude or latitude of a body, may be computed for any given 
time.* 

The computed aberrations are found to correspond with the an- 
nual deviations in the observed places of the stars. Hence, as the 
aberration would not have place if the earth had not an annual 
motion, this correspondence is a strong confirmation of the earth'n 
annual motion. 



* Focmiilie for the aberration of u fiieil star in right ascension and declination, 
are iUTestigated in the Appendis, 
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134. Bradley's Observations. Dr. Bradley found that, after 
allowances were made for precession and aberration, liis observed 
places of tlie same star at different times were nearly the same. 
There were, however, deviations still too great to be ascribed to 
errors of observation. These deviations, unlike those due to aberra- 
tion, varied from year to year, and appeared to require a period of 
about 19 years to go through their course. This led to new inves- 
tigations ; and he at iength ascertained that these deviations were 
oeeasiioned by an inequality in the precession of the equinoxes. 

1S5. Inequality in the precession of the equinoxes, and in ike 
obliquity of the ecliptic. When treating of the moon it will be 
shown, that, in her revolution round the earth, she does not move 
in the plane of the ecliptic, but in a plane, making with the former 
an angle of aliout 5° ; also, that the line, in which the plane of her 
orbit intersects that of the ecliptic, is continually changing its 
direction by a retrograde motion, making a complete revolution ia 
a little less than 19 years. Now, the precession of the equinoxes 
is produced by the actions of the sun and moon on the protuberant 
part of the earth (130), but principally by that of the moon, in 
consequence of her comparative vicinity to the earth. The effect 
of the action of either of these bodies depends on its position with 
regard to the equator. As the protuberant part of the earth is 
equally divided by tho equator, when either body is in the plane of 
the equator, its action can have no tendency to change the position 
of tho earth about its centro, so as to affect the position of this 
plane, and consequently none to change the positions of the equi- 
noctial points. Its effect in producing these changes increases 
with an increase in the distance of the body from the equator, and 
is greatest when that distance is greatest. Hence, from the con- 
tinually varying positions of the sun and moon in reference to the 
equator, a small oscillatory motion of the equator is produced. 
This, necessarily, produces an inequality in the precession of the 
equinoxes and also in the obliquity of the ecliptic. 
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(7or. In consequence of the oscillatory motion of the equator, 
its poles, in their retrograde revolutions about the poles of the 
ecliptic (126), do not move strictly iu circles, hut in waving curves 
that pass alternately within and without the circles, somewhat 
similar to that in I'ig. 23. 

136. Nvtation. The inequality in the precession of the equi- 
noxes or in the obliquity of the ecliptic, produced hy the varying 
effect of the actions of the sun and moon on the excess of the earth 
above an inscribed sphere, is called Nutation. That produced by 
the action of the sun is called SoUir nutation ; and that hy the 
action of the moon is called Lunar nutation. 

Formulae have heeu investigated, by means of which the values 
of the nutations in the precession of the equinoxes and obliquity 
of the ecliptic, and in the right ascension, declination, or longitude 
of a body, may be computed for any given timo,* No one of the 
nutations amounts to more than a few seconds. 

137. Diminution of the obliquity of the ediptio. From a com- 
parison of the latitudes of the fixed stars, as determined at dif- 
ferent periods, it is found that the plane of the ecliptic is subject 
to a slow progressive change of position. The direction of this 
change is such as to diminish the obliquity of the ecliptic. The 
diminution thus produced is found to be at the rate of 45". 7 in a 
century. 

The change in the position of the ecliptic is occasioned hy the 
actions of the planets on the earth. The planets revolve round 
the sua in planes ma,king small angles with the plane of the ecliptic, 
and are therefore in the latter, only when passing from one side 
to the other. As the plane of the ecliptic is the plane in which the 
earth is at any time moving, the attraction of a planet, when not 
in this plane, must tend to draw tho earth from it ; or, which is 
equivalent, must tend to change the position of the plane. Inves- 
tigations in physical astronomy prove that the whole combined 
effect of the planetary attractions, must be a progressivo change 
in the position of the ecliptic. They also show that the rate of 

« For the inTestigation of formulai for the 
declination, see Appendix, 
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diminution in the obliquity of the ecliptic produced by this change, 
after slightly increasing for a few centuries, must docreaee ; and 
that the whole change m the obliiiuity from its present valuej can 
never exceed 1^ degrees.* 

138. Parallax of a hody in right ascension, declination, ^e. 
The apparent places of all the heavenly bodies, except the fixed 
stars, are more or less affected by parallax (90), The difference 
thus produced in the right ascension, declination, longitude, or 
latitude of a body, is called parallax in right ascension, parallax 
in deolinntion, fa. Bj means of formulae which have been investi- 
gated for the purpose, the values of these parallaxes for any body, 
may be computed for any given time and place.f 

139. Secular and periodic inequalities. A secular inequality is 
one that requires many centuries to pass through its different 
values. Thus the change in the obliquity of the ecliptic, produced 
by the actions of the planets, is a secular inequality. The expres- 
sion, secular equation or secular variation, generally implies the 
amount of the inequality for a century. Thus we say the secular 
diminution of the obliquity is 45".7. 

A periodic inequality is one that passes through its various 
values in a few days, months, or years, or at most in a few centu- 
ries. Thus the nutation of the equinoxes, frequently called tho 
equation of the equinoxes, is a periodic inequality, 

140. Mean and apparent places. The mean place of a body or 
point, the mean position of a plane, or the mean value of an angle, 
is that which it would have at any time, if the periodic inequality 
or inequalities to which it is subject did not exist. Thus the mean 
place of the vernal equinox at any time, frequently called the 

* The (iliiinge in the position of tho ecliptio from its preeant posit-jon may be 
considerably greater than tliia ; its limit, aceording to I'vnlecoiilant, being a little 
oyer B". But in consequence of the change in the position of the equator, by 
which tlie procession of tlie equinoxes is produced, the Tariation in the oliquity 
cannot eioeed the quantity mentionea in tho text. 

■J- For ttcse fonnulEO anS their iuTestigatioas, the student is referred to larger 
treatises, such aa those by Vince, Delambre, Woodhouse, ic. 



, Google 



CHAPTER IS. 73 

mean equinox, is the place at which the equinox would be if there 
was no nutation. The eame applies to the mean position of the 
equator, called the mean equator; and to the mean obliquity of the 
ecliptic. Tho mean right ascension of a body is the right ascen- 
sion of the mean place of the body, reckoned from the mean equi- 
nox along tho mean equator; and similarly for mean declination, 
longitude, or latitude. 

The actual place of the vernal equinox at any time is called the 
apparent 01: true equinox; the actual obliquity of the ecliptic is 
called tho apparent obliquity ; and the equator in its actual posi- 
tion is called the apparent or true equator. The apparent or true 
right ascension of a body, is the right ascension of the apparent or 
true place of a body, reckoaed from the apparent equinox along 
the apparent equator; and similarly for apparent or true declina- 
tion, longitude, or latitude. 

The point in which the arc of a declination circle, passing through 
the mean equinox, meets the apparent equator, is the reduced place 
of the mean equinox. The small distance between thia point and 
the apparent equinox, is evidently the nutation of the equinox ia 
right ascension, or the equation of the equinoxes in right ascension. 

141. Tables of reduction. The exact apparent positions of the 
fixed stars, are so continually wanted by the practical astronomer 
in adjusting and examining the adjustments of his instruments, 
and as points of reference, that much attention has been devoted, 
to obtain concise and accurate methods of deducing these from the 
mean places given in catalogues. In tho catalogue of 8377 prin- 
cipal fixed ataj-s, published a few years since under the direction 
of the British Association for the Advancement of Science, besides 
the mean places, annual precessions, and secular variations, there 
are given certain constant logarithms for each star, by means of 
which, with others given, in the Nautical Almanac, for each day in 
tho year, the apparent places of these stars may be found for any 
given time, with great facility. 

Professor Bessel, in his Tahulse Regiomontame, has given 
general formulaa and tables for reducing the mean places of the 
stars to apparent places. 
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SIDEHEAL AND SOLAR TIME — TROPICAL YEAR— SUM'S APPARENT 
OBBIT — KBPLBE's laws — SOLAR TABLES — EQUATION OP TIME 
— sun's SPOTS, AND ROTATION ON niS AXIS — ZODIACAL LIGHT. 

142. Sidereal Time. The sidereal day, as now used by astro- 
nomers, commences at the instant the apparent vernal equinox is 
on the meridian, and is reckoned through 24 hours to the return of 
the equinox to the meridian.* Consequently the sidereal time at 
any instant expressea the apparent right ascension of the meridian 
at that instant, or of any body that is then on the meridian. Thus 
if E, i''ig. 1, be the position of the apparent vernal equinox at any 
instant, the arc tQ, which expresses the sidereal time a,t the place 
A at that instant, expresses also the apparent right ascension of 
any body that is then on the meridian PZP'. 

The sidereal clock is adjusted, or its error and rate determined, 
by observations of the passages over the meridian of certain fixed 
stars, whose apparent right ascensions arc known, or may be com- 
puted with great precision. The apparent right ascension of any 
other body, when on the meridian, may then be found by observing 
the time of its passage as shown by the clock, and correcting this 
time for the error of the clock. 

143. Solar Time. The interval between two consecutive re- 
turns of the sun's centre to the meridian, is called a solar day ; 
and time reckoned by solar days ia called solar time. The length 
of the solar day is found to be somewhat different at different 
seasons of the year ; its mean or average length is called a mean 
aolar day. 

If on any day the sun is on the meridian of a place, at the same 



■* The equinoi, Jiaviog a precession in rigiit ascension or westwardly motion 
46" in a year (127) or ^ of n. Becoad in a day, must return to the merid 
sooner thin a. fiied star by yjj of a aecooii in time. The Bidereal day, aa h 
defined, is therefore shorter than aa defined in Art. 53. by yj, of a second. Ino 
aeq^uecoe of tiie nutation of the equinoses, it is not strictly uniform ; but the 
viatioD is extremely small. 
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instant with some fixed star, he will, in conseqnence of his appa- 
rent eaatwardlj motion (T), be to the east when the star returna to 
the meridian next day, and will not arrive at it till some minutes 
later than the star. Consequently, the solar day is longer than 
the sidereal day. The mean solar day is found to be equal to 24h. 
8m. 68.5553ec. of sidereal time. 

144. Tropical Year. The interval between two consecutive re- 
turns of the sun to the vernal eqninox is called a tropical year. 

145. Length of the tropieal pear. Prom the sun's declination, 
and the sidereal time when he is on the meridian, obtained for a 
number of consecutive days about the 21st of March, the time 
wlien the declination is nothing : that is, the time when he is at the 
equinox, may be accurately determined. If this be done in suc- 
cessive years, the length of the year, in sidereal time, becomes known. 

The length of the year, determined at different periods, is found 
to be subject to a slight variation. Its mean length at the present 
period, expressed in mean solar time, is 365d. 5h. 48m. 48s6e. 

146. Sidereal year. The time during which the sun, \)y his ap- 
parent motion, makes an entire revolution in the ecliptic, is called 
a sidereal year. 

14T. Length of the sidereal year. In consequence of the re- 
trograde motion of the equinoxes (124), the arc of the ecliptic 
which the sun passes through during a tropical year, is leas than 
360° by 50".2. Hence, as 360° — 50".2 : 360° : : length of the 
tropical year : length of the sidereal year. The length of the 
sidereal year is thus found to be 365d. 6h. 9m. 1 Osec. It is there- 
fore 20m. 22sec. longer than the tropica! year. 

148. Sun's apparent orbit. The path described by the sun's 
centre in the plane of the ecliptic, during an apparent revolution 
round the earth, is called the sun's apparent orbit or the soJar orbit. 

149. The Solar Orbit is an ellipse, having the earth in one focus. 
Let PSAB, Fig. 24, represent the sun's apparent orbit, E, the 

place of the earth, P, the sun's place in his orbit when his apparent 
diameter is greatest, A, his place when it is least, and S, his place 
at some intermediate time. 
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The obliquity of the ecliptic being known, the sun's longitude, at 
any time, becomes known from bis observed right ascension (119). 
Hence, from a series of observations of the sun's right ascension 
and corresponding apparent diameter, continued throughout the 
year, we may obtain a series of corresponding longitudes and ap- 
parent diameters. From these, the two longitudes, correBponding 
to the greatest and least apparent diameters at P and A, may be 
easily found. These longitudes, thus determined, are found to 
differ 180°. Hence EA and EP are in the same straight line. It 
is also found, from a general oxamination of the corresponding 
longitudes and apparent diameters, that the apparent diameter at 
any place S, is equal to half the sum of the greatest and least 
diameters, les3 the product of half their difference by the cosine of 
the angle AES, which is the difference of the sun's longitudes at 
A and S. 

Let AP be bisected in C, and let 

S = sun's apparent diameter at A, 
6' = do. P, 

S" = do. S, 

m = 1(8' + i), n = J (8' — 8). 

Then, from the known relation between the angle AES and the 
apparent diameters, we have 

i"= m — n cos AES (A) 

B«t(97) AB:EP::i':8 (B) 

or, AE : AE + EP : : 8' : i' -f i 

AE : J (AE + EP) : : 6' : J (s' + 6) 

AO 
AE:AC::3'.-m = — 8' (C) 

Again from (B) AE : AE — EP : : *' : 8' - 8 

AE : ^ (AE - EP) : : 6' : J (s' - 6) 

EG 
AE:EC::;':« = ---6' (D) 

AE ^ ' 

EP 
Also (9T) ES : EP : : 8' ; ;"= -_8' (E) 

Substituting the values of m, n, and 8" in (A), and dividing by 

&', we have 

AC EC ^^^ EP 

;: cos AES = r— - 

AE AE ES 
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or, ES (AC - EC cos AES) = AE.EP = (AC -f EC) (AC - EC) 

= AC^ - EC^. 

AC^ - EC" 

or, ES - ^-^ _^^ ^^^ ^gg ■ 

This is the polar equation of an ellipse, of which AP is the 
transverse axis, C the centre, and E a focus. 

150. :Earth's orbit. Let S, Fig. 25, be the sun, and PEAE' the 
earth's orbit, or path described by its centre in the plane of the 
ecliptic, during a revolution round tlie sun. Then substituting E 
for S, and tbe contrary, the demonstration in the last article proves 
that the earth's orbit is an ellipse, having the aun in one focus. 

The discovery that the snn'e apparent orbit, or the earth's real 
orbit, is an ellipse, was made in the early part of the 17th century 
by Kepler, a celebrated German astronomer. He first ascertained 
that the orbit of the planet Mars was an ellipse, and, pursuing his 
investigations, he found that the orbita of the earth and other 
planets were also ellipses. T!iis, being one of several important 
discoveries made by him relative to the planetary motions, is called 
Kepler' s first law. 

151. Definitions. A Hadius Vector is a straight line joining the 
centres of the sun and a planet, or the centres of a planet and 



Perihelion, ^c. In the orbit of the earth, or a planet, the point 
nearest the sun is called the perihelion, and that which ia most 
distant, the aphelion. In the moon's orbit, or sun's apparent orbit, 
the point nearest the earth is called th^ perigee, and the most dis- 
tant point, the apogee. These points have also the general appella- 
tion of apsides : the nearest point being called the lower apsis, and 
the most distant, the higher apsis. The transverse axis of the 
ellipse, or the line joining the apsides, is called the line of the 
apsides. 

The Eceentrieity of an elliptical orbit, as the term is generally 
used in astronomy, is the distance between the centre and a focus, 
expressed in terms of the semi-transverse axis regarded as a unit ; 
or, which amounts to the same, it is the quotient of the distance 
between the centre and focus, divided by the semi-transverse axis. 
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152. Sun's apparent motion in his orhit. The aun's apparent 
motion or angular velocity, deduced from Lis longitude as deter- 
mined from day to day, is found to be different in different parts 
of the orbit. The motion in longitude is least when the apparent 
diameter is least, wliich is. about the Ist of July ; and ia then 57' 
11" ia a mean solar day. Its daily motion is greatest when the 
apparent diameter is greatest, which is about the 1st of January, 
and is then 61' 10". From a comparison of the daily motions and 
corresponding apparent diameters, it is found that the daily motion 
is always proportional to the square of the apparent diameter. 
But the apparent diameter ia inTersely proportional to the distance 
or radius vector (9T). Hence, the daily motion or angular velocity 
is inversely proportional to the square of the radius vector. 

Consequently, if r and r' be two radii vectores, and v and v' the 
corresponding angular velocities, we have v : v' : : r'^ : i^, or vr^ 
= v'r'^. This is also found to be true in the motion of a planet 
round the sun, and of the moon round tho earth. 

153. The Sun's radius vectw describes equal areas in equal 
times ; and consequently, in unequal times, it describes areas pro- 
portional to the times. 

Let a and 5, Fig. 26, be the sun's places in his orbit at some 
short interval prior and subsequent to his being at S, as, for instance, 
half an hour. Let ce and mn be arcs described about E, the place 
of the earth, as a centre ; the former with a radius equal to a unit, 
and the latter with a radius equal to the radius vector from E to 
S. Then will the elliptical sector Ea6 be the area described by the 
I'adius vector during an hour when the sun is in the part of his 
orbit contiguous to S, and the angle «ES, or its measure, the arc ce, 
will he the sun's hourly motion or angular velocity. 

Put ce =• V, and the distance from E to S = r. Then 1 : r : : 
V : mn = vr. Henco tho area of the circular sector Emw = \'&n 
X mn = \vr^. But the sector Ejkm does not sensibly difFer'from 
the elliptical sector Ea6. Consequently, EaS = \vi^. In like 
manner for another position of the sun as S', taking v' and / for 
the angular velocity and radius vector, we have Ea'6' = \i:l r'\ 

But by the last article vr^ = v'r'K Hence, 'Eab = 'Ea'b'. 

Kepler, who discovered this fact, found also that the radius vector 
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of each planet describes about the sun eciual areas in equal times 
This 18 called Kepler's second law. 

154. JCepler's third law. In comparing the periods in which 
the planets revolve round the sun and their mean distances from 
him, Kepler discovered that the squares of the p&i-iodical times of 
the planets are proportional to the cubes of their mean distances 
from the sun. 

155. To find the position of the line of the apsides of the solar 
orbit. Let B and D, Fig. 24, on opposite sides of the transverse 
axis AP, be corresponding points of the orbit. Then it is evident 
that the sun's daily or hourly motion at D must bo the same as at 
B ; the time in which he moves from P to D must be the same as 
that in which he moved from B to P ; and the longitude of the 
perigee P must be midway between the longitudes of B and D. 
Hence, when from a series of the sun's longitudes determined from 
observation, two times and the corresponding longitudes are found, 
at which the sun's hourly or daily motion in longitude is tho same, 
the longitude of the perigee and the time that the sun is at that 
point become known. 

Another method. As AP, the line of the apsides, divides the 
orbit into two equal parts, the sun must be as long in passing 
from A to P as from P to A. The time in either case is there- 
fore half a year ; and in this time the sun passes through 180° of 
longitude. No other straight line through the earth's centre di- 
vides the orbit into two equal parts. It is, therefore, only in 
passing from one apsis to the other, that the sun employs just half 
a year in changing his longitude 180°, Hence two longitudes of 
the sun being found which differ 180°, and are separated by an 
interval of half a year, will be the longitudes of the perigee and 
apogee ; and the corresponding times will be the times the sun is 
at those points. 

156. Motion of the apsides. From observations made at distant 
periods it is found that the apsides have a slow direct motion- 
According to Prof. Bessel, from an examination of many observa- 
tions made at various times, the longitude of the perigee at the 
beginning of the year 1800 was 279° 30' 8"; and its yearly in- 
crease of longitude is 61 ".52. 
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If from 61 ".5, the annual motion of the perigee from the vernal 
equinox, we subtract 50".2, the annual retrograde motion of the 
equinox, we have 11". 3 for the annual motion of the perigee. 

Taking 180° from the longitude of the porigee in the year 1800, 
we have 99° 30' 8", for the longitude of the apogee at that time. 
If this be reduced to seconds and divided by 61". S2, the yearly 
motion of tho apogee in longitude, the qaotient is 5823. Hence 
it appears that about 5823 years anterior to the year 1800, the 
longitude of the apogee was nothing ; and consequently the line 
of the apsides then coincided with the line of the equinoxes. It 
may be remarked, that this is about the period on which chronolo- 
giats have fixed, aa the time of the creation of tho world. 

157. True and Mean Anomalies and Equation of the Centre, 
The angular distance of a body from the perihelion or perigee of 
its orbit, reckoned to the eastward through the whole circumference 
of the circle, is called the true anomaly/.* The angular distance 
from the perihelion or perigo^, at which the body would at any 
time be, if it moved with its mean or average angular velocity, is 
called its mean anomaly. The difference between the true and mean 
anomalies at any time is called the equation of the centre. Thus if 
S, Fig. 24, be the sun's place at any time, and s the place at which 
he would have boon at that time, if he had moved from P to s 
with his mean angular velocity, then will the angle PES be his 
true anomaly, PEs' bis mean anomaly, and SBs the equation of the 
centre. 

Tho equation of the centre expresses the difference between the 
mean and true longitudes. Tor, let EQ be the direction of the 
vernal equinox. Then the angle QES is the sun's true longitude 
when he is at S, and QEs his mean longitude ; and these differ by 
the angle SEs. 

158. Anomalistie year. The interval between two consecutive 
returns of the sun to the perigee is called an anomalistic year. 

Hence as 360° — 50".2 : 360° + 11".3 : : length of tropical 
year : length of anomalistic year; which is thus found to bo 365d, 
Oh. 13m. 46see. 

* Formerly the anomalj waa reckoned from the aphelion or apogee. 
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159. Sun's mean daily motions in longitude and anomaly. As 
the length of the tropical year (145) : 1 day : : 360° ; sun'a mean 
daily motion in longitude; which is thus found to be 59' 8".33. 
In a similar manner, taking the length of the anomalistic year 
(158), wo find the sun's mean daily motion in anomaly to be 5!*' 
8".16. 

When the longitude of the perigee of the solar orhit, and the 
time he is at that point, have been obtained (156), his moan longi- 
tude and mean anomaly may be found for any given time, by 
means of the known mean motions in longitude and anomaly. 

160. Greatest equation of the sun's centre. At the perigee and 
apogee, the equation of the centre is evidently nothing. When the 
sun moves from the perigee, hia true motion is greater than his 
mean motion, and therefore his true anomaly will be greater than 
his mean anomaly. The difference between these or the equation 
of the centre must necessarily increase, till the true motion dimi- 
niahes so much as to become equal to the mean rootion. It will 
then have its greatest value. For, from that time, the mean motion 
being greater than the true, the mean anomaly will gain on the 
true anomaly, and the equation of the centre must decrease till it 
becomes nothing at the apogee. The same in a reverse order 
takes place from the apogee to the perigee. As the orbit is sym- 
metrical oa each side of the line of the apsides, the greatest equa- 
tion on one side must be equal to the greatest on the other. 

By examining a daily series of the sun's true longitudes when 
on the meridian, obtained from observations, it will be found that 
about the first of April, the sun'a true daily motion in longitude, 
which is then decreasing, is for several days nearly equal to the 
mean daily motion. The same will be found to have place about 
the first of October, except that then the true daily motion is in- 
creasing. At each period, let that noon at which the true and 
mean motions appear to be most nearly equal, be selected. Let L 
and L' be the true longitudes of the sun at these noons respectively, 
M and M', the mean longitudes, and E, the greatest equation of 
the centre. Then, since the difi'erence between the true longitude 
and mean longitude is the same as that between the true anomaly 
and mean anomaly (157), we have 
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E = L — M,and al9oE = M' — L'. 
Hence, 2E = (M' — M) — (L' — L), 
( M'-M)-(L^-L) 
oi, ^ 2 • 

In this expression for the greatest equation, {M' — M) is the 
sun's mean motion in longitntle during the interval between the 
two noons selected, and becomes known from the mean daily motion 
in longitude ; and (L' — L) is known from the given true longi- 

The greatest equation of the sun's centre is thus found to he 
1° 55'.3, nearly. 

161. lEccentrieity of the solar orbit. Let r = EP (Fiff. 24), = 
the radius vector for the perigee, r' = EA = radius vector for tho 
apogee, v = sun's true daily motion at the perigee, v' = the same 
at the apogee, and e = the eccentricity. Then v and v', being the 
greatest and least daily motions, are known (152). By the same 
article, r' : r : : \/v ; -yv'. 



ri + r Vv+ •»' 






/ — r 2EC EC ,-,,,, 










Therefor,,.-^"- ^'''-^"-^'■' 




-Vv' 


v + v' -2 Vm' 







Taking V = 3670", and v' = 3431" (152), we find, 
e = .0168. 

The eccentricity and greatest equation in any elliptical orbit 
evidently depend on each other. If either is given, the other may 
be obtained by mathematical investigation. From such investiga- 
tion, it has been ascertained, that when the orbit does not differ 
greatly from a circle, the eccentricity is nearly equal to the quo- 
tient of half the greatest equation, expressed in seconds, divided 
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by 206264".8, the seconds in the radius of a circle.* Thus, witli 
the value of E = 1° 55'.3 (160), we find for e the same value as 
ahove. 

162. Secular variations of the equation of the sun's centre and 
of the eeeentricity of his orbit. The greatest equation of the sun's 
centre, and consequently the eccentricity of his orhit, as determined 
at periods distant from one another, are found to be subject to it 
slow, but continued diminution. The secular diminution of the 
greatest equation is 18". 

Investigations in physical astronomy prove that the variation of 
the eccentricity, from which that of the equation of the centre 
results, is produced by the actions of the planets on the earth, 

163. Kepler's Problem. When the eccentricity of the orbit 
and the mean anomaly of a body are given, the equation of the 
centre and true anomaly may be found. This problem, which was 
proposed and solved by Kepler, is one of some difficulty. Various 
solutions of it have, however, been since obtained; one of which 
is given in the appendix. 

By formulEO obtained from the solution of the problem, tables 
have been computed for the sun, moon, and planets, which give the 
value of the equation of the centre, corresponding to any given 
mean anomaly. 

The equation of the sun's centre for any given time, obtained 
from its table, and applied to hia mean longitude at that time, gives 
his true longitude from the mean equinox, with the exception of 
some small corrections to be noticed in the next article. 

164. Perturbations. The actions of the moon and planets cause 
the earth to deviate slightly from an elliptical orbit, and produce 
small periodic inequalities in its motion. These inequalities are 
called perturbations. The bodies which produce sensible perturba- 



* Putting i = the quotient of the value of E, in seconds, divided by 2O02G1''.8, 
the following fonaufa have been obtained: — 
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tions in the motion of the earth., or apparent motion of the sun, 
are, the moon, Venus, Mars, Jupiter, and Saturn. The whole 
amount of these perturbations, when greatest, is about 3T". 

165. Sun's latitude. As the moon and planets arc continually 
varying their positions with regard to the plane of the ecliptic, the 
effect of their actions in drawing the earth from this plane or 
changing its position (137), must also he continually varying. If, 
therefore, the plane of the ecliptic was regarded as always passing 
exactly through the centre of the earth, its progressive change of 
position would be subject to small periodic inequalities. Astrono- 
mers, however, find it more convenient to assume the change of 
position to be regular; and, consequently, to regard the earth's 
centre as deviating slightly from the plane of the ecliptic, some- 
times on one side and sometimes on the other. Hence, as this 
plane passes through the sun's centre, when the centre of the earth 
is on one side of it, the centre of the sun must appear to be at an 
equal distance on the other side, and must have a small latitude. 
The greatest value of this latitude is only about one second. It 
may, therefore, be neglected, except in very accurate investigations 
and computations.* 

166. Solar Tables. These are tables for computing the sun'a 
longitude, latitude, radius vector, apparent semidiameter, and the 
apparent obliquity of the ecliptic at any given time. The best 
solar tables arc those by Carlini, an Italian astronomer, published 
in the Milan Bphemeris for the year 1833. f 



IS of tlie different planets, depending on their maaaea and dis- 
tances from tlie earth, are very different, and some of them estremely small. But 
a very email effect, if produced for a long time in tlio same direction, bo as to 
aecojnuiate, may at length beoome sensible. Inycstigations in physical astronomy 
show, that the attractions of all planets, esoept the asteroids, are sensibly opera- 
tive in producing the progressiye change in the position of tlio ecliptic. But with 
regard to tha periodic ineqnalities in the effect produced, the case is differeat. 
Those inequalities in the attractions, vrhioh cause tha earth's centre to deviate 
from the plane of thaeoliptioaiMl tliua produce the aun'a latitude, are only sensible 
for the moon, Venus, and Jupiter, 

f A new set of Solar Tables has been computed by MM. Hansen and Olnfsen, 
and jaet published by the Royal Society of Copenhagen. These tables have the 
advantage over Carliui's, of an additional twenty years' observations for their 
basis. They also surpass them in fulness and in convenience of arrangement, and 
irill, doubtless, soon became tbe standard solar tables. 
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When the son's longitude, and the apparent obliquity of the 
ecliptic, have been computed for a giventime, his right ascension 
a-nd declination may be found by spherical trigonometry (119). 
The right ascension may also easily be found by a table for the 
purpose, called a table of reduction of the ecUptic to the equator. 
A convenient one is given in Cavlini's solar tables. 

167. Astronomical day. The astronomical day commenccf at 
noon of the common day, and t]io numbeimg of the hours I'i con- 
tinued to 24. The first 12 houis aie the same as the afternoon 
hours of the common day ; but the hours from 12 to 24 of the 
astronomical day correspond to tbe 12 liom-s bofore noon of the 
next following common day. 

Hence, when a time in common reckoning is before noon, we 
must, in order to concert it into astionomicil time, subtract a un't 
from the number c f the (I-jy "md add 12 to the numl er of tliL h jui 
Thus, May 12th, at 5h A M common icckonmg, is the same is 
May lltb, at ITh , in astionomical rctkonmg 

168. Apparent time Time reckoned by the position of the 
sun's centre with lefeience to the metiiian of a plaCL is tailed 
apparent time. And the mtnnt it which the centie is on the 
meridian is apparent noon 

The length of the apparent diY is vai lable, and from two ciusei 
In the first place, the sun s motion m the ecliptic is not unifoim, 
being affected by the equitifn of the centie and the pUnetarv 
perturbations. In the second, iS eiua! arcs of the equator pass 
the meridian in equal times, the tics of the ecliptic which past, it 
in equal times must, in consequence of its obliquity to the equator, 
be unequal ; so that, if the sun's motion in the ecliptic were uniform, 
the intervals between his consecutive returns to the meridian would 
not be equal. 

As the length of the apparent day is not uniform, clocks or 
chronometers could not be made to exhibit apparent time without 
continually repeated adjustments. 

169. Mean time. If we assume an imaginary sun to be at the 
reduced place of the mean vernal equinox (140), at the same instant 
that the real sun is at the apparent equinox, and to move from 
thence in the equator with a uniform motion, equal to tho real 
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sun's mean motion in longitude, the time measured by the position 
of this imaginary sun, with reference to the meridian, is called 
me«m time. And the instant at which the centre ia at the meridian 
is mean noon. 

The mean day, according to this definition, is of uniform length, 
and is evidently the same as that defined in a preceding article 
(143). Mean time, therefore. Sowing uniformly, is that to which 
clocis are adjusted for the common purposes of society, and also 
for many astronomical purposes. Observatories are usnally fur- 
nished with at least two clocks ; one of which is adjuated to sidereal 
time, and the other to mean solar time. 

170. Equation of time. The difference, at any instant, between 
apparent and mean time, is called the equation of time. It depends 
on tho unequal motion of the sun in the ecliptic and the obliquity 
of the ecliptic to the equator {168). 

171. The equation of time is equal to the difference hetween the 
sun's true right ascension and the sum of his mean longitude and 
the equation of the equinoxes in right ascension, converted into time. 

Let EQ, Fig. 27, be an arc of the equator, P its pole, PZM an 
arc of the meridian of a place, of which Z is the zenith, EC an arc 
of the ecliptic, E the apparent or true equinox, E' the mean equi- 
nox, S the true place of the sun in the ecliptic, and PE'G and 
PSH ares of declination circles. Then G is the reduced place of 
the mean equinox, EG- the equation of the equinoxes in right as- 
cension, EH the sun's true right ascension, and the angle HPM, 
of which HM is the measure, is the hour angle for apparent time. 

Let GS' he equal to the sun's mean longitude. Then S' is the 
place of the imaginary sun, assumed to move uniformly in the 
equator (169), ES' = GS' + EG, is the sum of tho sun's mean 
longitude and the equation of the equinoxes in right ascension, and 
the angle S'PM, of which S'M is the measure, is the hour angle 
for mean time. 

Put T = tho apparent time and T' = the mean time. Then 
since each 15° of the tour angle corresponds to an hour, wo have 
in hours or parts of an hour, 

HM _ EM— EH 
15 ~ 15 
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S'M EM — ES' 



aaequently, by subtraction, wo have for the equation of t 
„ „, KS' — EH 



m 

T'-T-5'i=^ (S) 

Erom these wo have, also, for the expression of either time in 
erms of the other and the equation of time, 



15 — - - ' 15 

The equation of time is given in the Nautical Almanac for every 
day in the year, with instructions whether to add or subtract in 
changing one time to the other. 

1Y2. Times at which the equation of time is nothing. When the 
effects of the two causes on which the equation of time depends 
(170), are opposed to each other and are equal, the equation of 
time must be nothing ; apparent and mean time must then be the 
same. This occurs four times in the year; about the 15th of 
April, 15th of June, 1st of September-, and 24th of December. 

1T3, Sidereal time. The are EM of the equator converted into 
time, expresses the sidereal time (142). But EM = EH + HM. 
Hence, the sidereal time is obtained by adding the apparent time 
to the sun's true right ascension, expressed in time. 

Again, EM = GS' + E& + S'M. Consequently, the sidereal 
time is also obtained, by adding the mean time to the sum of the 
sun's mean longitude and the equation of the equinoxes in right 
ascension, expressed in time. 

As EM is the right ascension of the zenith Z, it follows that the 
sidereal time expresses the right ascension of the zenith in time, 

174. Solar Spots. When the sun is viewed with a telescope 
furnished with a coloured glass to protect the eye, a number of 
dark spots are usually seen on his surface. Each spot generally 
consists of a central part of irregular form, which is black, sur- 
rounded by a margin or border, called the penumbra, of much 
lighter colour, as represented in Mg. 28. The spots differ greatly 
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in size and form. Some are occasionally observed so large as t* 
be visible to the naked eye, when, in consequence of intervening 
light clouds, or of the sun being near the horizon, ho can bo thus 
viewed. The breadth of some of these, as ascertained from mea- 
surements with a micrometer, is found to be nearly or quite 
50,000 miles. 

When the spots are examined from hour to hour or day to day, 
they are found to vary in size and form, and also to change their 
positions on the disc ; all of them moving towards tho western edge. 
Some increase in siao and others diminish. Some are formed and 
come into view where nono wore before visible ; others, after gra- 
dually diminishing, entirely disappear ; the central part being that 
which first becomes invisible. Sometimes a spot is seen suddenly 
to separate, or, as it were, to burst asunder. The change of form is 
sometimes gradual and sometimes rapid. Nono of the spots are 
permanent in their continuance. Some remain only for a few 
hours or days ; and there are seldom any that continue longer 
than six or seven weeks. There are generally some spots to be 
seen on the dbe, and at times as many as forty or fifty have been 
observed at once ; but there have been periods of months, or even 
years, during which none were visible. When a spot remains for 
several weeks, it is seen to travorso the disc from east to west in 
about 13^ days, and after being invisible during about the same 
time, to re-appear on the eastern aide ; it being thus about 27 days 
in returning to the same position on the disc. 

175. Sun's rotation on his axis. By observations of tbe right 
ascensions and declinations of the centres of tho sun and of a spot, 
or by observations with a position micrometer (50), either being 
repeated from day to day, the positions of the spot with reference 
to the centre of the disc and the plane of the ecliptic, and thence 
the form of its path, may be determined. At two nearly opposite 
times in the year, in June and December, the paths are found to 
be nearly straight lines inclined in an angle of 7^° to the plane 
of the ecliptic. Except at these times, they are nearly semi-ellipses 
of great eccentricity; the eccentricity, however, though always 
great, varying with the season of the year. 

From the motions of the spots and the paths they describe, it ia 
inferred that the sun revolves from west to east on a fixed axis, 
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inclined at an angle of about 7^° to a perpendicular to the 
plane of tlio ecliptic. Let EE'E", Fig. 29, represent the earth's 
orbit, epqp' the sun, fy a perpendicular to the plane of the eclip- 
tic through S, the eun's centre, fp' his axis, and enq a circle, 
called the sun's equator, the plane of which passes through his 
centre at right angles to the axis. A spot on the sua's surface 
must, by his revolution on his axis, describe either the circle enq or 
some other as amb parallel to it. These circles, being perpendicular 
to the axis pp', must be inclined to the ecliptic in the same small 
angle in which the axis is inclined to the perpendicular^. They 
are, therefore, in very oblique positions with regard to an observer 
on the earth, and, consequently, the spots describing them must 
appear to move in ellipses of large eccentricity. This would be 
accurately the case if the earth were at rest ; but in consequence 
of its motion in its orbit, the apparent paths must deviate some- 
what from accurate elliptical arcs, as they are found to do. When 
the earth is at those opposite points of its orbit through which the 
plane of the sun's equator passes, the observer being then in that 
plane, the spots must appear to move in straight lines, excepting 
so far as deviations arc produced by the earth's motion. 

It has been stated that a spot returns to the same position on 
the disc in about 2T days. This is not, however, the time of a 
revolution on the axis. For while the sun makes a revolution on 
his axis, the earth advances nearly a sign in the ecliptic ; and, con- 
sequently, the sun must make more than a complete revolution, 
before the spot will appear to an observer on the earth to occupy 
its former position on the disc. By investigations and computa- 
tions which may be omitted hero, the real time of revolution can 
be determined from the observed positions of the same spot at 
different times. According to Delambre, the period of the sun 'a 
revolution on his axis is 25d. Oh. 17m. Some astronomers make 
it rather greater- 
It is also ascertained that the position of the sun's axis is such, 
that when his longitude is about 170° 21', it coincides with the 
plane ES/, passing through the centres of the earth and sun at 
right angles to the ecliptic, the northern half S^ of the axis being 
then inolined towards the earth. 
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176. Si/potheses relative to the solar spots. "Various hypotheses 
to account for the solar spots have heen proposed. None of them 
are, however, entirely satisfactory. One of the most prohahle is 
that by Sir W. Herschel. He supposed that the mass of the sun 
is an opaque globular body, surrounded by an atmosphere of lumi- 
nous matter ; that this luminous atmosphere is not in contact with 
the body of the sun, but is sustained far above it by a transparent, 
elastic medium, in which floats a stratum of cloudy matter ; and 
that, from the operation of local causes, cavities or openings are 
formed, both in the cloudy stratum and luminous part of the atmo- 
sphere, the opening in the latter being larger than that in the 
former. According to these assumptions, the part of the solid 
body of the sun that is under an opening, being shaded by the 
cloudy stratum, and thus roeoiving little or no light from the lumi- 
nous part of the atmosphere, must appear as a black spot. The 
part of the cloudy stratum contiguous to its aperture, and under 
the larger opening, reflecting light received from the latter, would 
form the border or penumbra of the spot. 

Vl^. Zodiacal Light. A faint light, somewhat resembling that 
of the milky way, or more nearly that of the tail of a comet, and 
being nearly in the form of a cone with its base towards the sun, 
and its axis nearly in the direction of the ecliptic, is frequently seen 
at certain seasons of the year in the west after the close of twilight 
in the evening, or in the east before its commencement in the 
morning. This is called the zodiacal light. 

The state of the air and other circumstances being the same, the 
■ zodiacal light is most distinctly seen when its direction or the 
direction of the ecliptic is most nearly perpendicular to the horizon. 
This, for places whose latitudes are from 40° to 50° north, occurs 
about the 1st of March for the evening, and about the 10th of 
October for the morning. In some years, the zodiacal light is very 
perceptible in the evening for several weeks contiguous to the for- 
mer time, and in the morning for a like period contiguous to the 
latter time. 

The distance to which the zodiacal light extends varies from 20° 
or 30°, to 70° or 80°. No very satisfactory explanation of this 
phenomenon has as yet been given. Sir William Herschel was of 
Opinion, that the sun, viewed from one of the other stars, would 
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appear to be surrounded by a nebulosity, aimilar to tliat in which 
some of the fixed stars appear to be enveloped, a3 seen from the 
earth. 



CHAPTER XI. 



PARALLELISM OF THE EAETH'S AXIS — VARIATIONS IN THE 
LENGTHS Oi' DAY AiS"D NIGHT — SEASONS — ASTRONOMICAL 



. 178 ParalMi'^'m of the enrtJi's axit In the annual motion of 
the eiith round the sun, its axis contmiioa veiy nearly in the same 
directnn, oi, in othei words it continues parallel to jise^'very 
neatly the small deviation fiom parallelism being that which cor- 
re&pon Is to the slow motion of the j oIls of the equator about those 
of the ecliptic (126) The i\is being perpendicular to the plane 
of the cquatoi, it is evident that it must continually make, with the 
axis of the e;,liptic, an mgle equil to the obliquity of the ecliptic. 
On thia inclination if the a\is, and m its parallelism, depend the 
\ai!itions in the lengths of d^y and ni^ht and the changes of the 



179. Oirde of Illumination. The great circle in which a plane 
through the earth's centre, and perpendicular to its radins vector, 
interaects the surface of the earth, is called the cirele of illumino' 
tion. This circle separates the enlightened half of the eaj'th's 
surface from the other half which is in the dark.* 

180. Different lengths of day and night. Let S, I'ig. 30, be 
the sun, ABCD the orbit of the earth, which may here be regarded 
as a circle, e the earth's centre, jip' its axis, making an angle of 23° 
28' with ah, a perpendicular to the ecliptic, and lot -p and p' he re- 

s [n coneequenee of the Bun being much larger than tho earth, and also of the 
refraction of the earth's atmosphere, the Bun illuminatSB rather more than half 
the Burface at the samo time. But, in general esplanations, this small escess ia 
not notioed. 
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spectively the north and south poles of the earth. As the asis^^' 
continues parallel to Itself during the earth'a revolution round the 
BUD, its position with regard to the radius vector Sc, and, conse- 
quently, with regard to the circle of illuminationj which is perpen- 
dicular to Se, must continually vary. 

At the vernal and autumnal equinoxes, the sun's polar distance 
being then 90°, the angle pcS, which expresses this distance (27), 
mu6t be a right angle, and consequently the axis pp' then coincides 
with the plane of the circle of illumination. This is represented 
in the positions of the earth near A and C, where pbp'a is the circle 
of illumination. As the circle of illumination then passes through 
tlie poles of the earth, it must bisect not only the terrestrial equa^ 
tor, hut also all circles on the earth's surface parallel to the equator. 
Hence, since, by the diurnal revolution of the earth on its axis, 
places on its surface move uniformly in circles parallel to the 
equator, each place must he as long on one side of the circle of 
illumination as on the other, and the length of the days and nights 
must be everywhere equal. 

From the vernal equinox to the autumnal, the angle peS is less 
than a right angle. The north pole is therefore turned 1 he 

sun, and the south pole from him, and the circle of ill n na on 
cuts the parallels of latitude unequally ; the longer p on he 
north side of the equator, being towards the sun, and on h sou h 
side, from him ; the inequality in each case being gre e s he 
latitude is greater. It consequently follows, that during this period, 
there must be continued day at the north pole and parts adjacent, 
and continued night at the south pole and adjacent parts ; and that, 
at other places, the days and nights must be unequal ; the daya 
being longer than the nights in the northern hemisphere, and 
shorter in the southern ; the difference evidently being greater aa 
the latitude is greater. The portions of the earth around the poles, 
at which there is continued day or night, and the difference between 
the lengths of day and night at other places, continually increase 
from the vernal equinox to the summer solstice, at which time the 
angle peS is least, and the inclination of the axis to the circle of 
illumination is greatest, being then equal to the obliquity of the 
ecliptic. This is represented at the place of the earth near B, 
where the circle of illumination, being seen edgewise, appears aa 
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the straight line ba. In this position of the esii-th, the whole of the 
northern frigid zone is illuminated, and the whole of the southern 
one is in the dark, and the parallels of latitude are most unequally 
divided ; the days in northern latitudes having then their greatest 
lengths, and, consequently, the nights their least lengths. From 
the summer solstice to the autumnal equinox, the parts about the 
poles at which there is continued day or night, and the inequality 
inthelengthsof day and night at other places, continually decrease. 

Prom the autumnal equinox to the vernal, the angle peQ is greater 
than a right angle, the north pole is turned from the bud, and the 
south polo towards him, and the lengths of the days and nights are 
reversed ; the nights being longer than the days in the northern 
hemisphere, and shorter in the southern ; the greatest difference 
being at the winter solstice, when the angle pcS ia greatest, and 
the inclination of the axis pp' to the circle of illumination is again 
equal to the obliquity of the ecliptic. This position of the axis is 
represented at the place of the earth near D. 

As two great circles mutually bisect each other, the circle of 
illumination must always bisect the equator, and consequently, at 
places on the equator, the days and nights must be equal throughout 
the year, each being 12 hours long. And it follows from what has 
been said above, that from the equator to the polar circles the length 
of the longest day must vary from 12 hours to 24 hours ; and from 
the polar circles to the poles, it must vary from 24 hours to six 
months. 

181. Seasons. The amount of heat derived from the sun at any 
place, at different times in the vear depends principally, on the 
length f th d y d tl h h t 1 h 1 Is above the 

horizoi Th 1 th d y d tl g t th 1 tude he ac- 

quires tlgt tbth m tfht eived. The 

change tl th 1 t f m th m t p oduce some 

effect; b t t f th m 11 t ty f th arth's orbit, 

this change in distance is only a small part of the whole distance, 
and consequently the difference in the heat received, depending on 
this cause, cannot be great. Indeed, the sun is in perigee, or 
nearest the earth, about the 1st of January, which, in northern 
latitudes, is near the time at which we usually have our coldest 
weather. 
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Tte zenith of a place, at the terreatrial equator, is in the plane 
of the equator. It is, therefore, ohvious, from a reference to Fig. 
30, that as the earth revolves on its axis, the zenith of a place at 
the equator must, during one half the year, pasa on one side of the 
sun's centre, and during the other half on the other side ; or, in 
other words, the sua during one half the year must pass the meri- 
dian to the south of the zenith, ani3 during the other half to the 
north of it; its meridian zenith distance not, however, at anytime 
exceeding 23° 28'. Consequently, at places at the equator or 
near it, the intensity of the sun's heat during the middle part of 
the day must always be great ; and as the days are at no time less 
or much leas than 12 hours in length, the temperature is great 
throughout the year. The greatest intensity of the sun's rays at 
those places is at or near the equinoxes, when the sun passes the 
meridian at the zenith or very near it. 

It is further obvious, that at all places within the torrid zone, 
the sun must, in the course of the year, pass the meridian on op- 
posite sides of the zenith ; and, at two periods in the year, it must 
pass at or very near the zenith. Consequently, not only at the 
equator, hut throughout the torrid zone, there are two seasons in the 
year at which the sun, when on the meriiUan, is nearly or quite 
vertical, and the intensity of his heat is very great. 

In either of the temperate zunes, the sun passes the meridian at 
all times in the year, on the same side of the zenith. The dif- 
ference, therefore, between the least meridian zenith distance, 
which, in the northern zone, occurs at the summer solstice, and its 
greatest, which occurs at the winter solstice, must be twice 23° 28', 
or 47° nearly. In consequence of this large difference in the sun's 
meridian zenith distances, and of the increased length of the days 
at the period he approaches nearest the zenith, and diminished 
length at the time his meridian altitude is least, the difference in 
temperature at these opposite seasons is necessarily great. 

In the frigid zones, the sun can never ascend far above the hori- 
zon, and consequently the temperature ia always low. 

It follows from the preceding paragraphs, that places at and near 
the equator may he regarded as having two summers and two win- 
ters in each year, without much difference in the temperature, 
which is always high, and that this is the case throughout the torrid 
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zone ; the difference, however, between the summers and one of tlie 
winters increasing aa the distance from the equator increases. 

It is usual in the north temperate zone to regard Spring as com- 
mencing at the vernal equinox, or 20th of March ; Summer, at the 
summer solstice, or 21st of June ; Autumn, at the autumnal equi- 
nox, or 22d of September ; and Winter, at the winter solstice, or 
2lBt of December, 

1 82. Duration of Twilight. The time of twilight at any place 
is the time during which the sun, in his diurnal motion, is between 
the horizon of the place and a parallel to the horizon at the dis- 
tance of about 18° below it (88). Let EPR, Fig. 31, be the 
meridian of a place, Z its zenith, HR the western half of its hori- 
zon, FG a parallel to HK at the distance of 18° below, EQ the 
equator, P its pole, and MN the western half of the sun's diurnal 
path. Then the time during which the sun is descending from A 
to B, or while the hour angle increases from ZPA to ZPB, is the 
time of the evening twilight. As the sun's declination changes but 
little during a day, the morning and evening twilights of the same 
day must evidently be nearly of the same length. 

The angle APB, when converted into time at the rate of 15° to 
the hour, expresses the duration of twilight. The magnitude of 
this angle, and consequently the duration of twilight, evidently 
depend on tlie latitude of the place, and the declination of the aun. 
For the same declination, the twilight is longer as the latitude is 
greater. At places in northern latitudes, the twilight is longest at 
the time of the summer solstice ; and shortest, when the sun has a 
few degrees of south declination.* At Philadelphia, and other 
places whose latitudes, are about 40° N., the shortest twilight occura 
about the 6th of March and 8th of October. 

When the sun's diurnal path is M"N", meeting the meiidian 
above F, it is evident the twilight must continue all night, as the 
sun does not then descend so low as FG. This must take place 
when PN", his distance from the elevated polo, is less than PF, or 
PH + HF, or the latitude of the place -i- 18" ; or, which amounts 
to the same, when the latitude is greater than PN" — 18°. Kow, 
when the sun has his greatest declination, and of the same name 

* This is shawu in the Appendix, nrl. 58. 
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Tvitli tlie elevated pole, VN" is about QQ^°, and, consequently, 
PN" — 18° = 48^°. Hence, at a place whose latitude is more than 
481°, the twilight continues all night at the time the auu's declina- 
tion is greatest and of the same name with the latitude. 



PKOELEMS. 

183. To find the latitude of a place. 

1st Method. Let M, M', m or m', Fiff. 31, be the point in which 
the sun, or a fixed star, passes the meridian PEN. Then we have 
the latitude ZQ = ZM + QM = ZM' — QM = Qm ~ Z™ = 
Qm' — Zm', Hence, calling the zenith distance of the body north 
or south, according as the zenith is north or south of the body, 
when the declination of the body and its correct meridian zenitli 
distance are of the same name, their sum will be the latitude, which 
will be of that name ; and when they are of different names, their 
difference will be the latitude of the same name with the greater 
quantity ; observing, however, that when the body passes the me- 
ridian below the pole, the supplement of the declination must he 
used instead of the declination itself. Consequently, when, from 
the observed meridian altitude of the sun or a star, the correct 
altitude has been found, by applying the proper corrections, the 
latitude is thus very easily obtained. 

If two stais be selected, one of which passes the meridian to the 
south of the zenith, and the other to the north, at about the same 
altitude, and the latitude he obtained by each, the mean of the two 
results will be nearly free from any small errors depending on want 
of accuracy in the centering or adjustment of the inatroraent used 
ia observing the altitudes, or in the table of refractions. For, as 
such errors would affect the observed altitudes equally, or nearly so, 
maliing them both too great or too small by the same quantity, it 
is obvious, from the expressions for the latitude in the two cases, 
that the latitude obtained by one star must be aa much too great 
as that obtained by the other is too small. 

2d Method. Let S, Mff. S8, bo the position of a star out of the 
meridian, and let SD be an arc of a great circle perpendicular to 
the meridian. If the altitude of the star be observed and corrected 
for refraction, and the time at which the altitude is taken be also 
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observed, we shall have given in the triangle ZPS, the two aides 
PS and ZS and the angle ZPS, to find PZ, the complement of the 
latitude. For PS is known from the declination of the star, ZS is 
the complement of the correct altitude, and the angle ZPS, the 
star's distance from the meridian, is the dLEforence hetiveen the 
star's right ascension and the sidereal time of observation, ex- 
pressed in degrees. If the observed time is mean solar time, the 
corresponding sidereal time must be obtained* (142). 

In the right angled triangle PDS we have (App. 49), 
tang PD = COS SPD tang PS. 

And, from the right angled triangles PDS and ZDS, we have 
(App. 45), 

cos PS ^„ cos ZS 

cos PU cos iJ-> 

or, 003 PS : cos PD : : cos ZS : cos ZD. 

The difference between PD and ZD, or their sum, when D falls 
between P and Z, gives PZ, the complement of the latitude. 

It is best to make the observations when the star is near the 
meridian, as a slight inaccuracy in the observed time does not 
then sensibly affect the computed latitude. This is not, however, 
material when it is the Pole star that is observed, as its motion in 
altitude is, at all times, slow. The star selected should not be one 
that passes the meridian so near the zenith as to leave a doubt 
with regard to the side of it on which the perpendicular SD 
would fall. 

There are various other methods of finding the latitude of a 
plaoe; one of which has been given in a previous article (58). 

183,a G-iven the latitude of a place and the sun's deelmation, to 
find the time of his rising or setting. 

Let HWR, Fiff. 31, be the western half of the horizon, Z the 
zenith, EQ the equator, and P the elevated pole. Also let NM 
be parallel to EQ, at a distance equal to the given declination. 
Then will A, its intersection with HB, be the point of the horizon 
at which the sun sets, and the hour angle AKM, converted into 

* In tliB Nautical Almanac, the sidereal time at mean noon, at Greenwioli, ia 
giyen for eaeli day in the year ] and the method of finding it, for any time, at any 
meridian, is given also. 



, Google 



■J8 ASTKONOMY. 

time, will be the interval between noon and sunset, 
the declination not to change during the day, it is evident the in- 
terval between sunrise and noon will be just the same. The angle 
APM or its measure, the arc DQ, is called tho semi-diurnal are, 
and the arc ED, the semi-nocturnal arc. The are DW, contained 
between a declination circle, passing through the point of setting 
or rising, and the western or eastern point of the horizon, is called 
the ascensional difference. 

In the right angled spherical triangle ADW, we have (App. 48), 
tang AB = sin BW tang EWII — sin DW cot PH, 
or, sin DW = tang PII tang AD, 
or, sin ascen. diff. = tang lat. X tang dealin. 

Now, as the angle WPQ, or its measure WQ, is 90° or 6 hours, 
it is evident that when the declination is of the same name with 
the latitude, the sun will set at some point A, between H and W, 
and the ascensional difference DW, converted into time and added 
to 6 hours, will give the semi-diurnal arc in time. When the 
declination is of a different name from the latitude, the sun will 
set at some point A', between W and R, and the ascensional dif- 
ference subtracted from 6 hours wil! give the semi-diurnal arc. 

The semi-diurnal arc in time, evidently, expresses the time of 
sunset, and, subtracted from 12 hours, it gives the time of sunrise. 
These are in apparent time, which may be converted into mean, 
by applying the equation of time. 

We may find an expression for the semi-diurnal arc without first 
obtaining the ascensional difference. For COS DQ = cos (WQ + 
D\V) = cos (90° + DW) = — sin DW. 

Hence, coa DQ = — tang PH tang AD, 
or, cos semi-diur. are = — tang lat. X tang decUn. 

184, To find the time of tJie sun's apparent rising or setting. 
When the sun's centre appears to be in the horizon at a point a, 
Fig. 31, we have (80 and 91), his zenith distance Z6 =90°+ re 



Putj Z = Z6 = sun's zenith distance, 

L = PZ = complement of the latitude, 

D = P6 = sun's polar distance, and 

P = angle ZP6 = dQ, = semi-diurnal arc. 
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Then in tho spherical triangle ZP6, we have (App. 38), 
sin 1 (Z + D - L) sin i (Z + L - D) 

sill i p = -v/- — -^ ;— f — -■ — T=i — — _. 

^ sm u em i> 

If we tiike Z = 90° + refraction — parallax — semi-diameter, the 
above formula gives the semi-diurnal arc for the apparent rising 
or setting of the sun's upper limb. 

185. To find the time of beginning or end of twilight. 

At the beginning or end of twilight tho sun is 18° below the 
horiaon (88). Let B be the position of the sun when at this dis- 
tance below the horizon. Then, in the triangle ZEP, wc have 
L = PZ and D = PB as in the last article, and Z = ZE = 90° 
+ 18° = 108°. Hence, 

■ i p = / Sin f (108° + D — L) sin ^ (108° -I- L — D )_ 
^ sin L sin D 

186, Given the latitude of a place and the sun's declination and 
altitude, to find the time of day. 

Let S he the position of the snn. Taking D and L as above, 
and Z = ZS = 90° — SK, and P = the hour angle ZPS ; the 
value of P may be found by the formula in article 184. 



CHAPTEa XIL 

DEFINITIONS. — OE THE MOON. 
BEFINmONS. 



187. Conjunction, ^o. A body ia said to be in ^ony'unetion 
with the sun, or simply in conjunction, when its position is such, 
that its longitude and that of the sun are the same ;* to be in 
opposition, when their longitudes differ 180° ; and to be in quadra- 
ture, when their longitudes differ 90° or 270°. The term syzygy 
is used to denote either conjunction or opposition. 

* "When, mj two of the heavealy hodioa have the same longitude, they ,\re sa,id 
to be ill eoiij unction. 
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When the body is in any of the four positions, midway be- 
tween the syzygie% and quadratures, it is said to he in octant. 

As each of the planets Mercury and Venus revolves at a less 
distance from the sua than that of the earth (18), either of them 
may he in conjunction both on the same side of the sun with the 
earth and on the opposite side. The former is called inferior, and 
tho latter, superior, conj.unction, 

Some of the preceding terms are frequently designated hy cha- 
racters, as follow : — 

Conjunction 6 
Opposition 8 
Quadrature D. 

188. Modes. The two points in which the orbit of the moon or 
a planet is cut by the plane of the ecliptic, are called nodes. That 
node in which the body is, when passing from the south to tho north 
side of the ecliptic, is called the ascending node, and the other 
the descending node. The nodes are frequently designated by the 
following characters : — 

Ascending node £3 
Descending node 8. 

189. Different revolutions of a body. The sidereal or periodic 
revolution of a body is the time during which it makes a real revo- 
lution round the central body ; or, it is the period that elapses from 
the time the body and a fixed star have equal longitudes, supposing 
them to be observed at the central body, till their longitudes are 
again equal. 

The tropical revolution of a body is the period that elapses from 
the time it is at tho vernal equinox, or any given longitude, as seen 
from the central body, till its return to the same. 

The synodic revolution of a body is the interval between two 
consecutive conjunctions or oppositions of the body. In the case 
of Mercury or Venus, it is the interval between two consecutive 
conjunctions of the same kind. 

The anomalistic revolution of a body is the interval between two 
consecutive returns of the body to the perigee or perihelion of its 
orbit, or to the same anomaly. 
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The nodical revolution of a body is the interval between two 
consecutive returns of the body to the same node. 

OF THE MOOS. 

IB^.ttMoonrewlvesround the earth. The moon appears to make 
a complete circuit of the heavens in ratter less than a month (6), 
Hence, either the moon really revolves round the earth, or the latter 
revolves round the former. That the moon's apparent motion is not, 
like that of the sun, produced by a motion of the earth, but that 
it is a real motion, follows from the relative sizes of the hodies : 
the bulk of the earth being nearly fift j times that of the moon (100), 

Strictly speaking, the earth and moon both revolve about the 
centre of gravity of the two, which is a point in the line joining the 
centres, situated a small distance within the earth's surface. This 
follows from the principles of mechanics, and is in accordance with 
their motions as deduced from observations. 

The distance of the moon from the earth is only about the 400th 
part of that of the sun (95, 96), While, therefore, the moon re- 
volves round the earth, she at the same timo revolves with the earth 
round the sun. 

190. Moon's tropical revolution. From observations made when 
the moon is on the meridian, her right ascension and declination 
are easily obtained (142, 102), With these, and the known obli- 
quity of the ecliptic, her longitude may be computed (119). By 
daily, or at least frequent, observations and computations of this 
kind, the interval, from the time at which the moon has any given 
longitude, till her return to the same, may be determined. This 
interval, which is the tropical revolution of the moon, is found to 
be subject to considerable variation. Its mean length is about 
27.32 mean solar days.* 

191. Moon's path. The moon's observed right ascension and 
declination serve to determine her latitude as well as longitude 
(119). Frequent determinations of both, during her revolution 
round tho earth, show that her path does not coincide with the 

* For more esact eipressions of tliis and other periods, see tables at end of 
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ecliptic, but is inclined to it in a small angle, intersecting it in two 
opposite points or nodes. 

192. Moon's mean daily motion in longitude. Aa tho moon 
moves through 360° of longitude during a tropical revolution, we 
have the following proportion : — As moon's mean tropical revolu- 
tion : 1 daj : : S60° : moon's mean daily motion in longitude. Tho 
mean daily motion is thus found to be 13° 10' 35". 

193. Acceleration of moon's mean -motion. A comparison of 
modern observations with those of fonner periods proves that the 
moon's mean motion is subject to a small, but, thus far, a continual 
aceeleration. The mean daily motion given in the preceding article 
is that which had place at the beginning of the present century. 
Investigations in physical astronomy, by Laplace, have made tnown 
the cause of the acceleration, and have shown that it is a periodical 
inequality in the moon's mean motion, requiring a great length of 
time to go through its different values. It ia occasioned by the 
change in the eccentricity of the earth's orbit (162). 

As the acceleration is a periodical inequality, the mean length 
of the moon's revolution which is now diminishing must, in pro- 
cess of time, cease to do so, and afterwards increase. 

194. Moon's sidereal revolution. In consequence of the westerly 
or retrograde motion of the equinoxes (124), the moon returns to 
the vernal equinox, or to the same longitude, before she has quite 
completed a real or sidereal revolution. From the known preces- 
sion of the equinoxes, which is 50". 2 in a year (125), their motion 
during a tropical revolution of the moon is found to be 3".75 
nearly. This, subtracted from 360°, leaves the arc of the ecliptic 
moved through by the moon during a tropical revolution. Hence, 
as this arc : 360° ; : the tropical revolution of the moon : the 
sidereal revolution. It is thus found that the sidereal revolution 
exceeds the tropical by about 7 seconds. 

195. Moon's synodic revolution. It is evident, that during the 
interval between two consecutive conjunctions of the moon with 
the sun, that is, during a synodic revolutien of tho moon, the excess 
of the moon's motion in longitude above that of the sun must be 
360". From the mean daily motions of the eun and moon in 
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longitude (159, 192), the excess of that of the moon above that of 
the sun, becomes known. Hence, as this excess : 360° : ; 1 day 
; the moon's mean synodic revolution. Its length is thus found to 
be about 29|- mean solar days. 

196. Positions of the moon's nodes. Let E, Mg. 34, be the 
earth, VHL an arc of the ecliptic, pmag the moon's orbit, and 
BNH an arc of the great circle in which the plane of the moon's 
orbit meets the celestial sphere. Then since EN is in the plane 
of the ecliptic, the point n in which it meets the orbit is the moon's 
ascending node, and N is the place of the node referred to the 
celestial sphere. 

From a series of the moon's longitudes and latitudes, computed 
from the observed riglit ascensions and declinations, we may find 
the longitude when the latitude is zero. This will evidently be the 
longitude of one of the nodes. If the latitude is then changing 
from south to north, it will be the longitude of the ascending node 
n or N". Tho longitude of the ascending ntide increased by 180° 
must give the longitude of the descending node, 

197. Retrograde tnofement of moon's nodes. From the longi- 
tudes of the moon's nodes, repeatedly determined, it is found that 
they have a retrograde motion along the ecliptic, amounting to 
about 19° in a year. By this motion, which is not quite uniform, 
the nodes make a moan tropical revolutioa in 18 years and 224 
days, nearly. 

198. Inclination of moon's orbit. From a series of the moon's 
latitudes, the greatest latitude FF' may be found. 

This greatest latitude has place when NF', the excess of the 
moon's longitude above that of the node, is 90°. It is, therefore, 
the measure of tho angle LNH, which is the inclination of the moon's 
orbit to the ecliptic. The inclination of the orbit, thus obtained at 
different times, is found to be subject to some variation. Its least 
and greatest values are about 5° and 5° 17|'. 

199. Orbit longitude. When a body moves in an orbit inclined 
to the ecliptic, the sum of the longitude of the ascending node and 
the eastwardly angular distance of the body from the node, is 
called its orbit longitude. Thus, if V, Mg. 34, be the vernal equi- 
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Tiox, and M the mooa's placo referred to the celestial sphere, the 
sum of the anglea VEN and NEM is the orbit longitude of the 
moon when at m. If V bo a point in the orbit when referred to 
the celestial sphere, corresponding to the vernal equinox, that is, 
Buoh that the angle VEN is equal to VEN, then the angle V'EM 
or arc VM, is the moon's orbit longitude when she ia at m.. 

When the inclination of the orbit, the longitude of the node, and 
the longitude of the body are given, the orbit longitude is easily 
found. Let MD be an arc of a circle of latitude. Then VD is the 
longitude of the body. Subtracting VN, the longitude of the node, 
from VD, we have N.D. Then in the right angled spherical tri- 
angle NDM, we have the base ND and the angle MND, to find 
NM, the measure of the angle NEM. The angle NEM added to 
VEN or VEN, the longitude of the node, gives VEM, the orbit 
longitude. 

Conversely, the longitude may be found when the orbit longi- 
tude 19 given. 

200, Af^dez of the moon's orbit. Using the orbit longitudes 
of the moon, the orbit longitudes of the apsides of her orbit may 
be found by proceeding ia the same manner as for the positions 
of those of the sun's apparent orbit (155). The orbit longitudes 
being found, the longitudes may be obtained by the preceding 
article. 

201, Motion of the apsides of the moon's orbit. The longitudes 
of the apsides, obtained at different periods, are found to increase 
at the rate of about 41° in a year. They have, therefore, a direct 
motion, and make a mean tropical revolution in a little leas than 
9 years. 

The motion of the moon's nodes, the variation in the inclination 
of the orbit, and the motion of the apsides are all effects of tho 
sun's attraction on the moon,* 

202, Moon's orbit. From the greatest and least parallaxes of 
the moon (95), and from her parallax when at any position m, 
Fig. 34, in her orbit, the least and greatest radius vectors Ej> and 
Ea, and the radius vector Em become known (93). From the 



* See Chapter XXII. 
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orbit longitudes of the perigee and of the moon, when at m, the 
value of the angle pEm at that time is known, being ec[ual to their 
difference. 

Assuming the orbit to be an ellipse, of which «p is the transverse 
axis, E a focus, and 0, the middle point of ap, the centre, we have 
aG = ^ (aE + Ep), EC = ^ {aE — Ep), and, by the property of 
the ellipse, 

«C"-EC' 
^'^~aG + ECcos^Bj«' 

Now, whatever be the position of m, the value of Em, obtained 
from this expression, is always found to be nearly equal to its value 
obtained from the parallax. Hence, the moon's orbit is nearly an 
ellipse, having the earth in one focus. 

It may also bo found in the same manner as for the sun (153), 
that the moon's radius vector describes round the earth nearly 
equal areas in equal times. 

203, Greatest equation of the centre and eecentricttt/ of moon's 
orbit. These may bo obtained in the same manner as for the sun 
(160, 161). Or, the eccentricity may be found from the values of 
aC and EC, deduced from the greatest and least parallaxes, aa in 
the preceding article. The eccentricity being known, the greatest 
equation may be computed by the formulas in the note to article 
(161). 

The greatest equation is found to exceed 6°, being more than 
three times that of the sun. Consequently, the eccentricity of the 
lunar orbit must also bo more than three times that of the apparent 
orbit of the sun or orbit of the earth. 

204. Other equations of the moon's motion. The moon's motion 
ia subject to numerous inequalities besides the equation of the 
centre. The three principal ones are called, respectively, Hveetion, 
Variation, and Annual Equation. The Evection was discovered 

by Ptolemy. It depends oa the angular distances of the moon 
from the sun and the perigee. When greatest it amounts to about 
1^°. The Variation was discovered by Tycho Brahe. It disap- 
pears when the moon is in the syzygies and quadratures, and is 
greatest when she ia in octants. It then amounts to 35'. 7. The 
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Anmial Equation depends on the sun's mean anomaly, and, when 
greatest, amounts to 11'. 2. 

Investigations, in physical astronomy, by Laplace and others, 
have made knoivn the causes of these inequalities, and have dis- 
covered various smaller ones with which the moon's motion is af- 
fected. By means of these investigations, and long continued 
accurate observations, the moon's motion is now known, and her 
place at any given time may be computed, ivith a very near ap- 
proach to precision. 

205. I/unar Tables. 'There are two sets of lunar tables, of nearly 
equal accuracy: one by Burkhardt, and tho other by Damoiseau. 
The former, in which S6 equations are employed in finding the 
longitude, is used in computing the Nautical Almanac, Connais- 
sance des Terns, and Berlin Jahrbuch. 

206. Moon's phases. The different forms which the moon's 
visible disc presents, during a synodic revolution, are called phmes. 

The moon's phases are completely accounted for by assuming 
her to be an opaque globular body, rendered visible by reSecting 
light, received from the sun. Let E, Fig. 35, be the earth, and 
ABCD the orbit of the moon ; the sun being supposed to bo at a 
great distance in tho direction ES. When the moon is in con- 
junction at A, the enlightened half* is turned directly from the 
earth, and she must then be invisible. It is then said to be new 
moon. 

About 7^ days after new moon, when she is in quadrature at B, 
one half of her illuminated surface is turned towards the earth, 
and her enlightened disc then appears as a semi-circle. She is 
then said to be at her^>'8( quarter. 

About 16 days after new moon, when she is in opposition at C, 
the whole of her illuminated surface is turned towards tho earth, 
and she appears as a full circle. It is then said to he full moon. 

About 7J days after this, when she is again in quadrature, at D, 
one half of her illuminated surface being towards tho earth, she 
again appears as a semi-circle. She ia then said to be at her last 
quarter. 

* As tlia sua is far greater tHan the moon, he enlightens rather more than half 
her aucface. Bat this eligbt excess need not be here considered. 
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From new moon to first quarter, and from last quarter to new 
moon, her enlightened disc is called a crescent. This phase is 
represented near a and d. 'I'he two extremities of tho crescent 
are called euspa or horns. I'rom first quarter to full moon, and 
from full moon to last quarter, the form of her enlightened disc is 
said to he gihhous. This phase is represented near 6 and c. 

207. Lunation or IJunar Month. The interval from new moon 
to new moon again, is called a lunation or lunar month. It is 
eyidently the same as a synodic revolution of the moon. 

208. Mean New or Full Moon. The time at which it would be 
new moon or full moon, according to the mean motions of the sun 
and moon, is called mean new moon or mean full moon. 

209. Obscure part of the moon's disc. When the moon is first 
visible after new moon, the whole of her disc is quite perceptible, 
the part not fully illuminated appearing with a faint light. As the 
moon's age, that is, the time from new moon, increases, the obscure 
part becomes more and more faint ; and it entirely disappears be- 
fore full moon. This phenomenon depends on light reflected from 
the earth to the moon, and from the moon back to the earth. 

When the moon is near to a, she evidently receives light from 
nearly the whole of the earth's illuminated surface ; and this light 
being in part reflected back, renders visible that portion of the disc 
that is not directly illuminated by the sun. As the moon advances 
towards opposition at C, the quantity of light she receives from ^he 
illuminated surface of the earth must evidently decrease ; and its 
efiecE in rendering the obscure part visible, is still further diminished 
by the increased size and, consequently, increased light of the di- 
rectly illuminated part, which finally prevents the faint light of the 
former from making any impression. 

210. The earth as seen from the moon. It is obvious, from the 
explanation in the preceding article, that to an observer at the 
moon, the earth must appear as a splendid moon, assuming all the 
phases of the latter body as seen from the earth, and having more 
than three times the apparent diameter (100). 

211. Moon's surface. When the moon is viewed with a telescope, 
the line separating the enlightened part of the disc from the ob- 
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Bcure or dark part, is seen to bo very irregular and serrated ; and 
its form is often found to vary even during the time of observation. 
Bright spots are frequently seen on the dark part, near tho line 
of separation. The light of these is observed to spread till they 
become united to the enlightened part. The whole enlightened 
surface, also, appears diversified with numerous spots of various 
shapes and different degrees of brightness. 

These appearances clearly prove that the moon's surface must bo 
very irregular, abounding in mountains and valleys ; the bright 
spots seen on tho dark part being evidently the elevated tops of 
mountains, which, being illuminated by tho sun, are visible, while 
the lower part and intervening valleys remain in the dark, till by 
the moon's farther advance in her orbit they are reached by the 
sun's rays. 

Luminous Spots, entirely unconnected with the phases, or, in other 
words, spots that are not the reflection of the sun's light, have 
sometimes been observed on the moon's disc. These are supposed 
to he volcanoes. 

As the line separating the enlightened from the dark part of the 
disc, is always extremely irregular, it follows that the moon cannot 
have any large tracts of water ; for over a surface of water, the line 
would evidently be uniform. 

212. Height of the lunar mountains. If the distance of the 
illuminated summit of a mountain from the enlightened part of the 
disc be observed with a micrometer, and the poBitions of the sun 
and moon at the time be obtained by observation or computation, 
its height may be computed.* Its height may also be found from 
the measured length of the shadow it casts when in a diff^erent 
position with respect to the sun. Dr. Herschel computed the 
heights of a number of the lunar mountains. The height of the 
highest of those he found to be about IJ miles. But, according 
to Schrceter, Madlcr, and other distinguished selenographers, some 
of the lunar mountains are as high as any of those on our globe. 
The Appenine range rises to a height of 3| miles. The abysses, 
however, are more remarkable, some of them being 20 or 30 miles 
in diameter, and 3 or 4 miles deep. 

* See Appendix to Part I, art. 58, 
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21S. Same surface of the moon always towards the earth. The 
various spots on the moon always occupy nearly the same positions 
on the diac. Hence it follows that nearly the same surface is 
always turned towards the earth. Hence, also, if we suppose the 
moon to he inhabited, the inhabitants on about one half the surface 
can never see the earth while they remain on that half. 

214. Of the moon's atmosphere. The moon sometimes passes 
between the earth and sun, and, sometimes, between the earth and 
A star or planet, causing what io the former case is called an eclipse 
of the sun, and in the latter, an occultation of the star or planet. 
Assuming the moon to have no atmosphere, the durations of these 
phenomena may he very accurately computed by means of the 
known motions and apparent magnitudes of the bodies. 

Now, if the moon was surrounded hy an atmosphere, such as 
appertains to the earth, it would, by its action on the rays of light 
passing through it, produce a sensible effect on the duration of an 
eclipse of the sun or of an occultation. But no such efieet has 
been observed. It is, therefore, inferred that the moon has no at- 
mosphere ; or that, if she has, it must be of very little density. 

From a full investigation of the subject, Professor Bessel draws 
the conclusion, that, if we assume the moon to have an atmosphere 
constituted like that of the earth, its density at the moon's surface 
cannot he more than about the 1000th part of that of the earth's, 
at the earth's surface.* 

215, Moon'g rotation on her axis. The moon revolves with a 
uniform motion, from west to east, ahout an axis nearly perpendi- 
cular to the plane of the ecliptic, in the eame time that she makes 
a revolution in her orbit. 

Let E, My. 86, be the centre of the earth, aa' a part of the 
moon's orbit, a and a' two successive positions of the moon's centre, 
and a'D a line parallel to aE. Then, since nearly the same surface 
of the moon is always turned towards the earth (213), that point 
in the surface which is at e when the moon's centre is at a, will be 
at e' or nearly so, when the centre is at a'. Assuming the point 

* AstronomUelie Kaohrioliten, No. 263. This is an excellent astronomical pe- 
riodicnl, originally edited Ijy tlie late Professor Scliumaeher, at Altona, and at 
present condncteil by Professor Hansen. 
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to be exactly at e', it must, during the inteiTal, have raoved about 
an axis perpendicular to the plane of the orbit, through the angle 
Ea'D, which is equal to oEa' the angular motion in the orbit. 
Hence, the angular motions about the axis and in the orbit being 
equal, the moon must revolve on her axis in the same time that she 
makes a revolution in her orbit. 

The small changes observed in the position of the spots on the 
disc, are caused by the inequalities of her motion in her orbit, and 
an inclination of her axis ; and not by any inequality in her rota- 
tion. For, assuming the rotation to be uniform, if the monn's 
motion from a to a' is greater than the mean motion, the angle aEa.' 
must be greater tha.n that through which a spot at e is carried in 
the same time by the rotation on the axis. Consequently, when 
the moon's centre is at a', the spot must be to the east of Ea'. If, 
on the contrary, the motion from a to a' is less than the mean mo- 
tion, the spot must be to the west of E«'. An inclination of the 
axis wil!, evidently, cause the spots to have an alternate north and 
south motion. 

A minute investigation of the subject, founded on successive 
accurate observations of tho positions of the spots, proves that the 
rotation on her axis is uniform, 

216. Inclination of moon's axis. From tho investigation men- 
tioned in the preceding article, it is found that the axis is nearly 
perpendicalar to the plane of the ecliptic. The plane of the moon's 
equator, that is, the plane through her centre, perpendicular to the 
axis, makes with the plane of the ecliptic, an angle of 1|° ; and it 
intersects the latter in a line parallel to the line of the nodes. 

■ 217. Moon's Ubrations. The alternate east and west motion of 
the moon's spots, produced by the inequalities of her motion in her 
orbit (215), is called the moon's libration in longitude ; and the 
alternnte north and south motion, depending on the inclination of 
the axis, is called the libration in latitude. 

The diurnal motion of the observer, by which his position with 
reference to the radius vector Ea is changed, aa from e to d, pro- 
duces a slight apparent motion in the spots. This is called the 
diurnal or parallactie libration. 

In consequence of these librations of the moon, small portions 
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of the surface to the east and -west, and also to the north and south, 
alternately come into view and disappear, 

218. Moon's passage over the meridian. The moon's mean daily 
motion in right ascension, which is the same as in longitude, ia 
greater than that of the sun hy more than 12°. Hence, if on any 
given day, we suppose the moon to be on the meridian at the same 
instant with the sun, she will, at the end of 24 hours, when the 
sun has again returned to the meridian, be more than 12° to the 
east, and will not, therefore, arrive at the meridian till nearly an 
hour later. On the next day she would arrive at the meridian 
nearly two hours later than the Sim. Thus, her passage of the 
meridian ia retarded from day to day. The mean retardation is 
about 52 minutes. 

^In consequence of the inequalities in the moon's motion in right 
ascension, depending in part on the inequalities of her motion in 
her orbit, hut more on the inclination of the orbit to the equator, 
the daily retardation in her passage over the meridian is subject 
to considerable variation. It varies from about 38 to 66 minutes. 

219. To find the time of the moon's passage over the meridian 
on a given day. 

Let A and A' be the right ascension of the moon and sim re- 
spectively, at noon of the given day, expressed in time, and reduced 
to seconds, m and m' their hourly variations in right ascension, 
also, in seconds of time, and let t be the required time of her passage 
over the meridian, in hours. Then, at the time t, we have the 
moon's right ascension = A + tm, and the sun's = A' + tm'. 
Hence, as the moon is on the meridian at the time (, if the latter 
right ascension be subtracted from the former, the remainder will 
be the time ( in seconds ; or, being divided by 3600, it will be the 
time t in hours. Consequently, 

A + tm — (A' + tm') 
3600 ' 

or, S600* = A - A' + (m - mO (■ 

Hence, t =-^^^^—j--^^^. 

The time of the moon's passage over the meridian of Greenwich, 
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is given in the Nautical Almanac for every tlay in the year. It 
may easily be found for any other meridian by proportion. 

Cor, If A and m be taken to represent the right ascension and 
hourly variation in the right ascension of a planet, the above for- 
mula will give the time of ita passage over the meridian. For a 
fixed atar, m => o, and the formula becomes, 

A -A' 



3600 + m' 

220. To find the time of the moon's rising or setting. 

To find the true semi-diurnal arc of a body (183), the declina- 
tion or polar distance when the body is in the horizon is required. 
For the sun, this ia usually assumed to be the same as on the me- 
ridian, as it changes but little during the interval. But for the 
moon, the change ia too great to be neglected. We may, how- 
ever, by using the moon's meridian declination, or the declination* 
at an estimated time of rising or setting, obtain an approximate 
value of the semi-diurnal arc. This, subtracted from the time of 
passage over the meridian, or added to it, gives an approximate 
time of the rising or setting. 

Then, to find the true time, let the declination be found for the 
approximate time, and again compute the semi-diurnal arc. This 
requires to be atill further corrected, on account of the moon's in- 
crease in right ascension during the interval between her being on 
the meridian and in the horizon. To obtain this second correction, 
let D = the difference between the times of two consecutive pas- 
sages over the meridian, one of which precedes, and the other 
follows, the required time of rising or setting. Then, as 24h. : 
semi-diurnal arc last computed : : D : the correction ; which being 
added to this semi-diurnal are, gives its true value very nearly. 
This applied to the time of the passage over the meridian, gives 
the time of rising or setting. 

221. Daily retardation of the moon's rising or setting. The 
average daily retardation of the moon's rising or setting is the 



* The moon's right ascension and doolication are given in the Niudcal Almanao 
for eyerj hour. 



, Google 



CHAPTER Xm. 113 

same as that of her passage over the meridian. But the actual 
retardatiott, hoing affected bj the moon's change in declination, as 
well as by the inequalities of her motion in right ascension, is sub- 
ject to greater variation. la the latitude of Philadelphia, the 
least daily retardation is oniy about 20 minutes, and the greatest is 
about Ih. 20m. 

The less or greater retardation of the moon's rising, attracts 
most attention when it occurs at the time of full moon, as it affects 
tiie succeeding period of moonlight evenings. "When the retarda- 
tion haa its least or nearly its least value, the moon is up or rises 
early in the evening for five or six days following the full moon : 
whereas, when the retardation is greatest the moon ceases, in the 
course of two or three days, to be seen in the early part of the 
evening. 

Supposing the moon's orbit to coincide with the ecliptic, from 
which it does not greatly deviate, the daily retardation in the 
moon's rising at full moon, has nearly its least value at the full 
moon, which occurs near the time of the autumnal equinox. As 
this is about the period of the English harvest, this rising of the 
moon is called the Harvest Moon. 



CHAPIEU XIIL 

ECLIPSES OF THE STJS dND MOON. — OCCULTATIOfiS. 

222. Mclipsex occur only at New and Full Moon. As an eclipse 
of the aun is caused by the moon passing botwoen the sun and 
earth (214), it can only occur when the 'moon is in conjunction 
with the sun, that is, at the time of new moon. An eclipse of the 
moon is caused by the interposition of the earth, between the sun 
and moon, which prevents, in whole or in part, the illumination of 
the latter by the former. It must therefore occur when the moon 
is in opposition, that Is, at the time of full moon. 

If the moon's orbit coincided with the plane of the ecliptic, there 
would necessarily be an eclipse of the sun at every new moon, 
since the moon would in that case pass directly between the sun 
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and earth ; and an eclipse of the moon at every full moon, as the 
earth would then be directly between the sun and moon. But as 
the orbit is inclined to the ecliptic, an eclipse can only occur when 
the moon, at the time of new and full moon, is at, or near one of 
its nodes. In other cases the moon is too far north or south of the 
ecliptic, to cause an eclipse of the sun or to be itself eclipsed. 

ECLIPSES OF THE MOON. 

223, Earth's shadow and penumbra. The magnitude of the sun 
being far greater than that of the earth, and both being globular 
bodies, the shadow of the earth must evidently be of a conical 
form. Let AB and hg. Fig. 37, be sections of the sun and earth 
by a plane passing through their centres S and E ; and let AC 
and BC, and also, AH and EK, be tangents common to the two 
sections. Then will gGh be a section of the earth's conical 
shadow or umbra, as it is frequently called, and EC will be the 
axis of the shadow. ■ If the plane CEAK, be supposed to revolve 
round the axis EC, the tangent hK will describe the convex sur- 
face of the frustum of a cone, within the whole of which, the light 
of the sun must be more or less obstructed by the earth. That 
part of the frustum, which is included between the umbra and 
convex surface, that is, the part of which HgChK is a section, is 
called the earth's penumbra. 

224. Beginning or end of an eclipse of the moon. An eeiipse 
of the moon is regarded as beginning or ending at the instant her 
edge touches the earth's shadow. Thus, if mn be a part of the 
moon's orbit, the eclipse begins when the moon is at a, and ends 
when she is at e. Prior, however, to the beginning of an eclipse, 
while the moon is passing from the edge of the penumbra to the 
edge of the shadow, she must evidently suffer a gradual but in- 
creasing diminution of her light. This circumstance renders it 
difficult, if not impracticable, to observe with accuracy the instant 
at which the eclipse begins. On account of the gradual increase 
of the moon's light in passing from the shadow, the same difBculty 
occurs at the end. 

Sometimes the moon, at full moon, though too far north or south 
of the ecliptic to come in contact with the shadow, may still bft 
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sufficiently near to pass tlirough tlie peimmtra. In this case the 
moon suffers a diminution of light -without being eclipsed. 

225. Length of the earth's shadow. The length of the earth's 
shadow exceeds three times the distance of the moon from the earth. 
Let us assume the moon to be at one of her nodes at the instant 
she is in opposition at c. Then vrill the centres of the 3un, earth, 
and moon, be in the same straight line SO- 
Put « = moon's horizontal parallax, 
n' = sun's " " 

& = moon's apparent semi-diameter, 
S' = sun's " " 

Then the angle SEE = i' and EB^ = »'. Hence, EGg = SEB 
— EB^ = g' — x'. But, EC^ ia the parallax of the point C. 
Hence, {93 G), 

EC^ : rt : : Ec : EC, 



Hence, since (95, 96 and 100), n always exceeds 53' and s' — n' 
is always less than 17', it follows that EC must be more than three 
times Ee, the moon's distance from the earth. 

226. Semi-diameter of the earth's shadow. The apparent sem: 
diameter of the earth's shadow, at the distance of the moon, 
called the semi-diameter of the shadow. Thus, the angle SEc 
the semi-diameter of the shadow. The point c is called the centre 
of the shadow. 

The semi-diameter of the earth's shadow is equal to the sum of 
the moon's and sun's horizontal parallaxes, less the sun's apparent 
semi-diameter. 

Put S = 6Ec = semi-diameter of the earth's shadow. Then, 
since IMe = Mg — ^Gg and (225), EO^ = i - n', we have 8 = 
„-[&'- „'), or 8 = « -f n' - 8'. 

Taking « = 57' 1", n' = 9", and 8' = 16' 1", which are their 
mean values, very nearly, we have the mean value of S = 41' 9". 

Cor. Since S = 41' 9", we have 28 = 82' 18". The diameter 
of the shadow is, therefore, more than twice the moon's apparent 
diameter, and consequently, the moon may be entirely enveloped 
in the shadow. 
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of beginning and end of the eclipse (224), astronomers have differed 
as to the amount of the correction tliat should he made. According 
to the ohservations and computations of Dr. Msedler, a German 
astronomer, who has recently given particular attention to the sub- 
ject, the computed semi-diameter should he increased by about a 
flOth part.* Hence, 

S = „ -J- «' - 5' -F sV (rt + «' - *')■ 
22T. Moon visible when entirely enveloped in earth's shadov). 
Another effect of the action of the earth's atmosphere is percepti- 
ble in eclipses of the moon. Those rays from the sun which enter 
the atmosphere and are so far from the surface as not to be absorbed, 
have their directions changed, and leave the atmosphere with a 
greater inclination to the axis of the shadow. In this way a 
sufficient quantity of light is generally thrown on the moon to 
render her visible, even when in the middle of the shadow. She 
appears, while in the shadow, with a dull red or copper-coloured 
light. 

228. Moon's angular distance, from the centre of the earth's 
shadow, at the beginning or end of a lunar eelipse. This distance 
is equal to the sum of the semi-diameters of the earth's shadow and 
moon. 

For, as the eclipse begins when the moon's centre is at a, the 
angle aEe expresses her distance from the centre of the shadow 
at that time. But aEc is equal to the sum of 6Ee and dEih ; or, 
angular distance, aEe = 8 4-8. 

* Astr. Naoh. Nob. 256, 283 and 338. 
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■Wten tlie moon is first entirely in the shadow, or when she 
begins to emerge from it, her angular distance from the centre of 
the shadow will evidently be, S ~ S. 

Oor. When at, or near, the time of full moon, the moon's angular 
distance from the centre of the shadow does not become less than 
S + i, there evidently cannot be an eclipse ; and when it does 
become less, there must be an eclipse. 

229. Lunar ediptie Umttg. Referring the points and orbit to 
the celestial sphere, let c' Fi0. 84, be the place of the centre of the 
earth's sliadow in the ecliptic, and M' the place of the moon's cen- 
tre in her orbit NF, when the angular distance c'M' is perpendicnlar 
to the orbit and is equal to 8 + *. Then it is evident, that, ac- 
cording as the distance of the centre of the shadow from tho node 
N, or of the sun from the opposite node, is greater or loss than 
Nc', the least distance of tho centres of the moon and shadow must 
be greater or less than S + 5. Hence, it follows (228 Oor.), that 
there can never bo an eclipse of the moon when the distance of the 
sun from the nearest node is greater than the greatest value of 
Nc', and that there must always be one when this distance is less 
than the least value of Nc'. The greatest and least values of Ne' 
are, therefore, called the lunar ecliptic limits. Similar quantities 
for eclipses of the sun are called solar ecUptie limits. 

Now, it is known, both from observations and from investigations 
in physical astronomy, that at the time of the sjaygies the inclina- 
tion of the moon's orbit has always nearly its greatest value of 
5° 17'- Taking, therefore, this value of c'NM' and the greatest 
and least value of S + 6, which, including the correction of S, are 
about 63' 17" and 53' 8", the right angled spherical triangle e'M'N 
gives for the greatest value of Nc' or the greater limit 11° 32', and 
for the less limit 9° 40'. 

Taking into view the inequalities in the motions of the sun, moon 
and nodes, other limits corresponding to the mean motions, have 
been obtained. These are very convenient in determining when 
eclipses of the moon may or must occur. According to Delambre, 
if at the time of mean full moon, the mean longitude of the sun 
differs more than 12° 36' from that of the nearest node, there 
eannot be an eclipse ; but if it differs less than 9°, there must be 
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an eclipse. These are, therefore, the lunar ecliptic limits for 
mean motions. 

Now, by means of tables of the mean places and motions of the 
sun, moon and nodes, it is easy to find the time of mean full moon 
for any given month, and the mean hmgitude of the sun and node 
at that time. If the diiferenee of these longitudes is greater than 
the greater ecliptic limit for mean motion'^, tl a t be an 

eclipse at that full moon; if it is less than tl 1 1 m t there 
must he one. When the difference falls betwe n th 1 m t 1 rther 
computation is necessary to determine whoth h m 11 r will 
not be an eclipse. In this research it will n t b n ry to 

make computations for all the full moons in the year, for it will at 
once he seen by the tables at what periods in the year the sun is 
near to either of the nodes, and it is only at these periods that 
s can occur. 



( hinds of lunar eclipses. When the moon just 
touches the earth's shadow or passes through the penumbra with- 
out entering the shadow, the circumstance is called an appulse. 
When a part, hut not the whole, of the moon enters the shadow, 
the eclipse is called a partial eclipse; when the moon enters en- 
tirely into the shadow, it is called a total eclipse ; and when the 
moon's centre passes through the centre of the shadow, it ia called 
a central eclipse. A central eclipse of the moon seldom, however, 
if ever, occurs. 

It follows from a preceding article (227), that the moon does 
not in general entirely disappear even in total eclipses. 

231. Visibility of a lunar eclipse. As in an eclipse of the moon 
. there is a real loss of light at the moon, the eclipse must be visible, 

and present the same appearance at all places that have the moon 
above the horizon, during its continuance. 

ECLIPSES OF THE SUN. 

232. Length of the moon's shadow. The length of the moon's 
shadow is about equal to the distance of the moon from the earth; 
being,, alternately, a little greater and a little less. 

Suppose the moon, at new moon, to be at one of her nodes. 
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Her centre will then be in tbe plane of the ecliptic, and in the 
straight line passing through the centres of the sun and earth. Let 
AB, lig and DGr, Mg. 38, he sections of the sun, moon and earth, 
by a plane passing through their centres S, M, and E. Also, lot 
AC and BO, and AH and BK he tangents common to the sections 
of the earth and moOn, and, therefore, limiting the sections of the 
shadow and penumbra. 

Put d = ang. ACM = moon's app. semi-diam. as seen from C, 
d'= " ASM= " " " " S, 

d"= " A^S = sun's " " " M, 

R = Ee = earth's radius ; and let t, «', &c. he as in Art. 225. 
Then, since the parallaxes of bodies, and the apparent semi- 
diameters of the same body, seen at different distances, are in- 
versely as the distances (93 Oor. and 97), we have, 
«:«':: SE : ME, 

or, «-«':«:: SM : SE :: s' : d" = ^^ (A) 

and, «-«':7<':: SM:ME: :S: <?' - -^^f-^ (B) 

Also, (?:S: : ME : MG = ME ^ (C) 

Now, since ACM = AAS — 7(SM, or <7 = d" - d', we have, 

, = ',I^^^,, + .,t^ (D) 

By taking the greatest value of 5' and least of B, and the cor- 
responding values of rt and n' (100, 95 and 96), the greatest nu- 
merical value of n' , will be obtained, and will be found to be 

less than three tenths of a second. Consequently d is always very 
nearly equal to *'. We have therefore (C), 

MC = ME.-7, very nearly. 

Hence the length of the shadow is greater than the moon's dis- 
tance from the earth, equal to it, or less, according as S is greater 
than 6', equal to it or less. 

Cor. Since (C), MC = ME. 4 we have, 
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EO = MO - ME = ME.- 



and (93.E), ME = E — 
Hence, EO = Il.^. 1^' (E) 

Taking the mean values of S, !', «, and n', and regardiag A as 
equal to B', we find EC = — 0.86R. Hence, when the sun and 
moon are at their mean distances from the earth, the moon'a sha- 
dow extends a little farther than the nearest part of the earth's 
surface. By taking the proper values of the quantities, it will ho 
found that the shadow, when longest, extends hejond the earth's 
centre about three and a half times the earth's radius, and' when 
shortest, does not reach the centre, by about six times the earth's 
radius. 

23S. Breadth of the moons shadow at the earth. The greatest 
breadth of the moon's shadow at the earth, when it falls perpen- 
dicularly on the surface, is about 16(i miles. 

In the triangle ECa, wo have, 

Ea : EC : : sin. <? : sin. E«C, 

or, (232 E), R : R.-. *-^| : : -1 : sin. E«C = ' ~ ','■ 

Now the breadth of the shadow will evidently bo greatest ■when 
the moon's distance from the earth is least, and the sun's distance, 
ia greatest. Hence, taking the greatest value of 5 and least of i', 
and the corresponding values of t and rt' we find, 

. -r, r, 60.45 

sm. E«0 = ggg^-g 

This gives the angle E^C = 56' 28". Adding «^ or i' = 15' 45", 
to EaC, we have aS^e or the are ae = 1° 12' 13". Hence, ab = 2" 
24' 26" = 2^407; and as each degree is 69| miles (71), the 
breadth of the shadow is 166 miles. 

When the moon is at some distance from the node, the shadow 
falls oblic[«ely on the earth, and its greatest breadth will evidently 
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234. Breadth of the moon's penumbra at the earth. The greatest 
breadth of the moon's penumbra at the earth's surface, when it 
falls perpendicularly on the surface, exceeds 4800 miles. 

Put, i" = ang. ALM = moon's app, semi-diam. as seen from L. 

Then, as ALM = SAB + ASM = d" + d', we have (232. A 
and B), 

s" = ±i!^^ = i' + „/.s_^ ^pj 



and 



S + S' 



a" : i : : ME : ML = ME. - 



Or, by substituting the value of ME (93.E), and of (* + 8"), 

EL=E.^. i±i;. 

From the triangle LEK, we have, 

EK : EL : : sin i'^ : sin EK^, 

^. . ^- : sin EK<; = *-+^^. 

Tho breadth of the penumbra will evidently be greatest when 
the moon's distance from the earth is greatest and the sun's dis- 
tance, least. The angle EKii being found with the values of 5, &c., 
corresponding to these distances, and *" being also found (F), the 
angle KEL or the arc Kc = "KKd ~- *", becomes known. Twice 
Kc gives KH, which is thus found to be 69°,87, or 4833 miles. 

235. Different kinds of eclipses of the sun. A partial eclipse 
ia one in which a part, but not the whole of the sun, is ob- 
scured. A total eclipse is one in which the sun is entirely obscured. 
It must occur at all those places on which the moon's shadow falls. 
A central eclipse is one in which the axis of the moon's shadow or 
the axis produced, passes through the place at which the eclipse 
occurs. 

An annular eclipse is one in which a part of the san'a disc is 
seen as a ring, surrounding the moon. To explain this, let AB, 
ha and DG, Fig. 39, be sections of the sun, moon and earth, when 
L 16 
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the nioon's shadow does not extend to the earth. In this case, the 
tangents AC and BC, which limit the shadow, being produced, 
cross each other at C and meet the section of the earth at a and 6. 
From e, or any other point between a and S, let tangents to the 
moon ho drawn, as ce and cf. Then it is obvious, that the part of 
the sun's disc that ie without the circle e/, described about the 
diameter e/, will be visible to an observer at <:. 

The greatest breadth of the part of the surface in which the 
eclipse is annular may be found in a similar manner to that of the 
shadow (233). It is about 200 miles. 

236. Visibility of an eclipse of the sun. As the moon moves in 
her orbit from m to n, Fig. 38, her penumbra and its axis move 
over the earth's surface from west to east, passing in sueeessioM 
over different parts. At all places along the line in which the axia 
meets the surface, there must be a central eclipse. At all places con- 
tiguous to this line, on each side, there must be a total or an annular 
eclipse. And at places more remote from the central line, hut 
within the limits of the penumbra, there wi!l be a partial ecHpse. 

As the greatest breadth of the penumbra is less than half the 
semi-circumference of the earth, it is evident there must be a large 
part of the earth's enlightened hemisphere in which the eclipse is 
not visible, even when the extent of the penumbra is greatest. 

When the moon is so far from the node at the time of new moon 
that the axis of the penumbra does not meet the earth, the eclipse 
cannot be central at any place ; and the partial eclipse is only 
visible in a portion of the northern or southern hemisphere, ac- 
cording as the moon's latitude is north or south. 

It follows from the above and a preceding article (231), that the 
visibility of an eclipse of the sun is of much less extent than that 
of an eclipse of the moon. 

237. (general eclipse of the sun. An eclipse of the sun, con- 
sidered with reference to the whole earth and not to any particular 
place, is called the general eclipse. 

The general eclipse commences at the first contact of the moon's 
penumbra with the earth, and ends at the last contact. Thus, Mg. 
40, the general eclipse begins when the moon is at w, and ends 
when she is at v. 
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'e of the centres of the sun and moon ut the 
beginning or end of the general eclipse. The angular diatance of 
the centres of the sun and moon at the beginning or end of a 
general eclipse is equal to the sum obtained by adding the sum of 
the apparent semi- diameters of the sun and moon to the difference 
of their horizontal parallaxes. 

IFor, Fig. 40, the apparent distance SEm = AE^- + AES + ^Em. 
But AE;^ = E^D — E AD =« — «', AES = 6', and gEu = B. Hence, 
apparent distance, SEm = « — «' + S' + S, 

The apparent distance of tho centrea of the sun and moon, ivhen 
the eclipse begins to be central for the earth in general, is equal to 
the difference of the horizontal parallaxes of the moon and sun. 

For, the central eclipse must begin when the moon's centre is at 
X, in the line SD drawn from the sun's centre and tangent to the 
earth. Hence, 

apparent distance, SE.» = ExD — ESD = « — «'. 

2§9. Solar ecliptic limits. Taking the apparent distance of the 
moon from the sun at the beginning or end of a solar eclipse for 
the earth in general, found in the last article, the solar ecliptic limits 
may be found in the same manner as the lunar (229). They are 
n° 21' and 15° 25'. 

According to Delamhre, the solar ecliptic limits for mean motions 
are 10° 2' and 13° 14'. 

240. Visible eclipses of sun and moon. Aa the solar ecliptic 
limits exceed the lunar, eclipses of the sun occur more frequently 
than those of the moon. But, as tho portion of the earth in which 
an eclipse of the sun is visible is much less than that in which an 
eclipse of the moon is visible, there are, for any given place, more 
visible eclipses of the moon than of the sun. 

241. Number of eclipses in a year. There may be seven eclipses 
in a year, and cannot be less than two. When there are seven, 
five of them are of the sun and two of the moon ; when there are 
but two, they are both of the sun. 

Illustration. During a synodic revolution of the moon, the sun's 
mean motion in longitude is 29° 6', and in this time the moon's 
nodes move backwards 1° 31'. Hence the moon's motion with 
I to either of the nodes in one lunation is 30° 37', and 
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in half a lunation, 15° 18'. Calling one of tho nodes A and 
the other B, let us suppose that the first full moon in the year 
occurs ill tho middle of January or a few days later, and that 
the aim's longitude ia at that time about 2° less than that of the 
node A. The moon will then he near the node B, and must be 
largely eclipsed ; and since the sun's motion in reference to the 
node during half a lunation ia only 16° 18', it is evident that at 
the previous and following new moons, the sun may be within the 
largest ecliptic limits from the node A, and may therefore be 
eclipsed at each of these new moons. At the full moon, which 
occurs in a little less than six months after the former, the sun 
having during sis lunations moved nearly 184° with reference to the 
nodes, must be about 2° in advance of the node B. Consequently 
there must be a large eclipse of the moon, and, may be, two eclipses 
of the Sim at this period. At the new moon which occurs five and a 
half lunations after this latter full moon, and, therefore, a little before 
the close of the year, the sun during the time having advanced more 
than 168° towards the node A, will be within about 10° of it, and 
must, therefore, be eclipsed. Thus, in the case assumed, there must 
be two eclipses of the moon in the year, and, may he, five of the sun. 

If the sun passes one of the nodes two or three months after the 
commencement of the year, it cannot be at, or near, the same node 
again during the year. In this ease, if it be new moon when the 
Gun is near the node, but has one or two degrees loss longitude than 
the node, there will be an eclipse of the sun at that new moon; 
but at the preceding and following full moons, the snn'a distance 
from the node will he too great for an eclipse of the moon to occur. 
At the new moon, six lunations afterwards, tho sun will be near the 
other node, and there will be an eclipse of the sun, but none of the 
moon, at either of the contiguous full moons. Hence, in this year 
there will be two eclipses of the sun and none of the moon. 

The arc formed by taking the least true solar ecliptic limit on 
each side of the node is greater than the sim's motion in reference 
to the node during one lunation,* Hence, if there is not an eclipse 

* It is a little greatsr than the sun's mean motion during ibis time, and oon- 
eiderably greater than the true motion. Fof when the eoliptio limit is ieaet, the 
Eua's apparent semi-diameter is least, and, eonaec[uentl)', his distani 
His true motion is, therefore, then, less than bis mean motion. 
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of the sun at the new moon prior to the sun's passage of either 
node, there must be one at the subsequent new moon. As, there- 
fore, there must be an eclipse of the sun near the time of his 
passage of each node, there must be at least two in the year. 

242. Period of eclipses. At the expiration of a period of 223 
lunations, or a few days more than 18 years, eclipses both of the 
Bun and moon return again in nearly the same order as during that 
period. 

Jlhistration. A mean lunation or synodic revolution of the moon 
is 29.5306 days, and consequently 223 lunations in 6585.32 days. 
Now, the mean period in which the sun moves from one of the 
moon's nodea, to the same, is 346.62 days, very nearly, and con- 
sequently 19 of these periods is 6585.78 days. Hence at whatever 
distance the sun is from either of the nodes at any given new or 
full moon, he must at the end of 223 lunations be very nearly at 
the same distance from the same node. It, therefore, follows that 
after a period of 6585.32 days,* eclipses must occur again in the 
same order, or nearly so, as during that period. 

This period was known to the Chaldean astronomers. It was by 
them called the Saros, and was used in predicting eclipses. 

243. Total and annular eclipses of the sun. Although a large 
proportion of the eclipses of the san are total, or annular, some- 
where, on the earth, yet, for any given place, a total or annular 
eclipse is a phenomenon of rare occurrence. 

That this must be the case may be inferred from the consideration 
that the tract across the earth's enlightened surface, in which an 
eclipse can he total or annular, is when widest, of hut little breadth 
(233 and 235), and that a different latitude of the moon, at the 
time of the eclipse, must give a different tract. 

The longest possible time that an eclipse of the sun can continue 
total, at any place, does not exceed 8 minutes ; and the longest 
time that an eclipse can continue annular, does not exceed 12 
In general, the times are much less than these. 



* More accurately 6585.32128 daja; nMoh is 18 years, lid. 7ii, *2m. i 
■When (here are four Bissextile years in the period, orlSy. 10 d. 7h. 42 m. ; 
■Vften ttiere are Gve. 
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A total eclipse of the sun, especially when it occurs in a clear 
day and has several minutes duration, is a very interesting and 
impressive phenomenon. It is accompanied by a considerable re- 
duction of the temperature of the air ; and the obscurity ia such 
that the principal stars and more conspicuous planets, above the 
horizon, become distinctly visible, 

COMPUTATION OF LUNAR ECLIPSES. 

244. General Hemarha. The apparent distance of the centre 
of the earth's shadow and moon, and the arcs of the ecliptic and 
moon's orbit passed through by these during an eclipse, being ne- 
cessarily small, they may without material error be regarded as 
straight linos. We may, also, regard the motion of the centre of 
the shadow in longitude, and the motions of the moon in longitude 
and latitude, as being uniform during the continuance of the eclipse. 

Some of the quantities used in several of the subsequent articles 
will be designated as follows: 

T = the time of the mooa's opposition or of full moon, expressed 
in mean time, 

t = any small interval of time, not exceeding two or three hours, 

q = moon's latitude at the time of full moon, 

P' = moon's hourly motion in longitude less sun's do., 

q' = moon's hourly motion in latitude, 

^ = S + * = moon's distance from the centre of the earth's 
shadow at the beginning or end of an eclipse, 

A' = S ~ 5 = the distance at the time the eclipse begins or 
ceases to bo total. 

245. Time of full moon, ^c. By means of a small set of tables, 
an approximate time of any full moon, that will not differ more 
than a few minutes from the true time, may very easily be found.* 
For this time, by means of solar and lunar tables, let the sun's 
longitude, hourly motion, apparent semi-diameter and horizontal 
parallaS, and the moon's longitude, latitude, hourly motions in 

* A set of tables of this Itiad, for finding the approximate tdme of new or fuJl 
moon, adapted to tlio meridian at Greeuwidi, is iuclnded in the tables at the end 
of this work. 
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longitude and latitude, horizontal parallajt and apparent semi- 
diameter, be computed. All these, except the sun's longitude, and 
the moon's longitude and latitude, may, without material error, be 
regarded as constant during the eclipse. 

Let the sun's longitude at the approximate time of full moon he 
subtracted from the moon's, the latter being increased by 360°, if 
necessary. Then, if the remainder, which we will call R, is ex- 
actly 180°, the approximate time of full moon must be the true 
time. But if R differs from 180°, as will generally be the case, the 
difference, which maybe called D, will be the moon's distance from 
opposition. Now, ^', the difference of the hourly motions of the 
moon and sun, in longitude, expresses the moon's motion in longi- 
tude relative to the sun. Hence, if t be the interval between the 
approximate and true time of opposition or full moon, we have, p' 
: D : : Ihr : t. The interval (, found from this proportion, being 
added to the approximate time of full moon when It is less than 
180°, but subtracted from it when R is greater than 180°, will give 
T, the true time of full moon. 

The moon's motion in latitude, during the interval t, may be ob- 
tained from her hourly motion in latitude. This, added to the 
latitude at the approximate time of full moon, when the true time 
is later than the approximate time and the latitude is increasing, 
or when the true time is earlier than the approximate time and the 
latitude is decreasing, but subtracted in other cases, will give q, the 
latitude of the true time of full moon, 

The value of 8 is found by a preceding article {226 Sehol.). The 
values of li and h' then become known. 

246, Moon's relative orbit. Let AB, Mg. 41, be an arc of the 
ecliptic, and FG an arc of the moon's orbit ; and CM being drawn 
perpendicular to AB, let and M be the places of the centres of 
the earth's shadow and moon respectively, at the time T, the true 
time of full moon. Also, let CC be the distance moved through 
by the centre of the shadow, and MM' the distance moved through 
by the moon, during an interval of time (. Then will C and M' 
be the places of the centres of the shadow and moon, at the time 
T -I- (. 

But as the circumstances of an eclipse of the moon depend oti 
the relative positions of the centres of the shadow and moon, it is 
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more convenient to regard the centre of the shadow as fixed at C, 
and to use the moon'a relative motion in reference to this centre. 
Draw, therefore, M'm parallel and equal to CO. Then, will mO 
le parallel and equal to M'C Hence, m is the moon's relative 
place at tho time T + (, in reference to C, the fixed position of 
the centre. 

As CC is the motion of the centre of the shadow during the 
interval (, it must, evidently, be equal to the apparent motion of 
the sun during the same time. Let M'D and md be drawn parallel 
to MC, and ME parallel to AB. Then Ee = M'm = CC. Con- 
sequently, Ee is equal to the sun's motion during the interval t ; 
also ME is the moon's motion in longitude, and em = EM', is her 
motion in latitude during the same time. Hence, Me, the moon's 
relative motion in longitude during the interval t, is equal to the 
difference between her motion in longitude and that of the sun, 
and em, her relative motion in latitude, is equal to her real motion 
in latitude. 

Let (' be a different interval of time, and let m' be the moon's 
relative place at tho end of this interval. Then, since the motions 
are regarded as uniform (244), Me' : Me :;(':(, and e'vi' : em 
i ; f : t, or, Me' : Me : : e'm' : em. Hence, m' must be in the 
straight line PQ, drawn through M and m. As, therefore, the 
moon's relative place moves along the line PQ, this line is called 
the moon's relative orbit. 

24T. Inelination of moon's relative orbit. Put I = the angle 
eMjw = the inclination of the moon's relative orbit. Then, ex- 
pressing the interval t in the last article in hours and decimal 
parts, we have, 

Me = tp', and em = tq', 
- em tq' 

or, tang I = ^. 

b p' 

248. Moon's hourly motion in her relative orbit. Let n = moon's 
hourly motion in her relative orbit. Then, we have, 
Mm = tn, and Me = Mwt cos I = to cos I. 
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But (247), Mc = tp'. Hence, tn cos I = tp', or, 

249. Time of the middle of the eclipse. Let AB, Fi;/. 42, be 
tlie ecliptic, PQ the moon's relative orbit, and and M the 
places of the centres of the earth's shadow and moon at the 
time of opposition or full moon. Also, let the circle KcLa, de- 
scribed about the centre C with a radius equal to S (226 SeAoL). 
represent the section of the earth's shadow, at the moon. With 
the same centre and a radius equal to (S + S) or h, let arcs be 
described, cutting the relative orbit in D and E ; and let CN be 
perpendicular to the orbit PQ, cutting it in H. Then, will D and 
E be the moon's places at the beginning and end of the eclipse. 
Hence, aa CH evidently bisects DE, and as the moon's motion is 
regarded as uniform during the eclipae, the point H must be the 
moon's place at the middle of the eclipse. 

Lot T' = the time of the middle of the celipso, and ( = the in- 
terval between T' and T, the time of full moon. 

Then, MH = tn. But, since CM is perpendicular to AB, and 
CH is perpendicular to PQ, the angle MCH is equal to the incli- 
nation of the relative orbit. Hence, from the right angled triangle 
CHM, we have MH = CM sin MCH = q sin I. Consequently, 

tn '= a sin I, or ( ^ ■ 

^ ' n 

Hence, as T' = T Ip (, we have, 

T' = T X L^iL? 

The upper sign must be used when the latitude ia increasing, 
and the lower when it is decreasing. 

250. Beginning and end of the eclipse. From the triangle 
CHM, we have, CH = CM cos MCH = q cos 1. Put, 

B = the time of the beginning of the eclipse, 
E = the time of the end, 

t = the interval between the middle and beginning or end. 
Then we have, HD = tn ; and from the right angled triangle CHD. 
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we have HD = v' CD^-Cff = V (CD + CH). (CD - CH) = 
>/ [h +q cos I), {h — q cos I), Hence, 



te = ^/ (A + g COB 1], {h — q cos I) 
or t = '^ (A + g C03 I), (k — q coa I) ^ 

Therefore, E = T' — i, and E = T' + (, become known. 

251. Times at which the eclipse begtiis and ceases to he total. 
With the centre C and a radius equal to S — 5, or h', let arcs be 
fJescribed cutting the relative orhit in F and G. Then, will F and 
G he the moon's places at the beginning and end of the total 
eclipse. Put, 

E' = the time the total eclipse begins, 
E' — the time it ends, 
( = the interval between either of these and the time of the 
iniddle. 

Then, we evidently have, 

_ y^ (^^ + g cos I), iji' — q cos I) 
■n 
B' = T' — t, and E' = T' + (. 
When A' is leas than OH or q cos I, the eclipse cannot be total. 

^252. Qimntity of the eclipse. The quantity of an eclipse, either 
of the aun or moon, is usually expressed in twelfths of the diameter, 
ivhich aro called Digits. In a total eclipse of the moon, the 
quantity of the eclipse is denoted by the number of digits con- 
tained in the distance between the inner edge of the moon and the 
nearest opposite edge of the shadow. Thus, lq the eclipse repre- 
sented in the figure, the number of digits contained in LN ex- 
presses the quantity of the eclipse. Let Q = the quantity of the 
eclipse. Then, 

LR : LN : : 12 : Q, 

2.:LN::12:Q = ^. 

Bat LN = HN + HL = CN - CH + HL = CN + HL - 
CH = S -i- 8 — ? cos I = X — 2 cos I, Hence, 
(,_ 6.p.-yco.I) 
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COMPUTATION OF SOLAR BCLIP6ES. 

253. Time of New Moon. The approximate time of new moon 
being found, and also the ann's and moon's longitudes, &c., at that 
time (245), the difference between the longitudes will be the moon's 
distance from conjunction. Whence, by means of the hourly mo- 
tions in longitude, the true time of now moon may be obtained, 

254. G-meral Eclipse. Taking A = «-«' + i' + «, (238), 
the times of the middle, beginning, and end of an eclipse of the 
sun, for the earth in general, may bo found in the same manner aa 
those of a InnUr eclipse. 

255. Eclipse for a given place. Although the calculation of an 
eclipse of the sun for the earth in general, is equally simple with 
that of a lunar eclipse, it is quite different when the computatiou 
is to be made for a given place. This is much more difficuit and 
tedious. For, the circumstances of the eclipse at a given place 
depend on the apparent relative positions of the sun and moon, 
that is, on their relative positions as seen at the given place. It 
therefore becomes necessary to take notice of the effect of parallax 
in changing the apparent relative positions of the bodies. Referring 
to the appendix for a more full and minute investigation of the 
subject, we sha:!! here only give a general view of a method by 
which the computation for a given place may be made. 

As the sun's parallax is very small, and it is only the apparent 
relative places of the sun and moon that are required, we may, with- 
out materia! error, refer the whole effect of parallax to the moon ; 
that is, we may regard the sun's true place as being his apparent 
place, and then, in computing the moon's apparent place, use « — «', 
the difference of the moon's and sun's horizontal parallaxes, in- 
stead of X, the moon's parallax. 

Let T be time of the whole hour next preceding the approxi- 
mate time of new moon, and for the time T, let the quantities 
mentioned in Article 245, be computed; and by means of the 
hourly motions, let the sun's longitude and the moon's longitude 
and latitude bo found for the time T + Ihr. Then, using n — n' 
instead of n, let the moon's parallaxes in longitude and latitude 
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be computed for the times, T and T + Ihr, and, thence, let her 
apparent longitudes and latitudes for thesa times be found. The 
difference between the moon's apparent longitude, at the times, 
T and T + Ihr., will be her apparent hourly motion in longitude, 
and the difference between this and the sun's hourly motion will 
be the moon's apparent hourly motion relative to the sun, which 
may be called p'. The difference between the moon's apparent 
latitude, at the times, T and T + Ihr., will be q'., the moon's ap- 
parent hourly motion in latitude. The difference between the sun's 
longitude at the time T, and the moon's apparent longitude at the 
same time, will bo the moon's distance from apparent conjunction, 
at that time. Whence, from the value of y', the time of apparent 
conjunction may bo found. Tho time, thus obtained, will however 
only be an approximate time, for the moon's apparent motions are 
not uniform. Let, now, the moon's apparent longitude and latitude 
be computed for the approximate time of the apparent conjunction, 
and the moon's distance from apparent conjunction at this time be 
found. This distance will, now, be very small. Hence, we may, 
by means of p' and 5', find the true time of apparent conjunction, 
and the moon's apparent latitude q, at that time, very nearly. 
Also, with ^' and 5', we may, by Art. 247, find I, the inclination 
of the moon's apparent relative orbit. 

Let AB, Mig. 43, be the ecliptic, and PQ the moon's apparent 
relative orbit. Then, SM being drawn perpendicular to AE and 
equal to 5, the moon's apparent latitude at the time of apparent 
conjunction, 8 and M will be the place of the sun's and moon's 
centres, at that time. With the centre S and a radius equal to S', 
the sun's semi-diameter, let the circle ah be described to represent 
the sun's disc. Let SD and SE be each equal to h' -f 8, the sum 
of the semi-diameters, of the sun and moon. Tlien will D and E 
be the moon's place, at the beginning and end of the eclipse. 
Hence, taking A = S' + 8, the times of middle, beginning, and end, 
and the quantity of the eclipse, may be found, in exactly the same 
manner, as for an eclipse of the moon, except that, in finding tho 
quantity, i' must be used in the denominator of the fraction instead 
of «. 

But, as the moon's apparent motions in longitude and latitude 
are not uniform, the times of beginning and end,. thus found, are 
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only approximate times, and may differ some minutes from the true 
times. Let, therefore, the moon's apparent longitude and latitude 
be computed for tho approximate time of beginning. We then, 
easily obtain the average values of the moon s appiiei t hourlv 
mjtons ir long tudc md Utitule between this time and the 
time of tie middle ot the edipso The latter hourly mjtion 
w 11 be the a\eiage value of q and the diffeience between the 
formei and the suns hourly motion -will be the iverige value ot 
p Also lot the moon s augmented semi liamotei (^T) 1 e foimd 
for the afpioximato time ot beginning * and take h = the ■^ura of 
i an) thi9 aigmentel semi diameter Then, usmg the \alueh of 
■p I and Ti let the time of beginning be igAin comjutel Thia 
time w 11 be lerj noirly the true time If «til! gi eater accuracy 
IS desired, it may be obtained by another repetition of the compu- 
tation. In a similar manner, the true time of the end of the eclipse 
may bo found, 

OCOULTATIOKS, 

256. Definition. When the moon passes between the earth avid 
a star or planet, she must, during the passage, render the body in- 
visible to some parts of the earth. This phenomenon is called an 
occultation of the star or planet. 

257. Extent of visibility of an oeeultation of a fixed star. The 
breadth of the portion of the earth's surface, in which an occulta- 
tion of a star is visible, is much less than that for an eclipse of the 
sun. It is about 2160 miles. 

Let E, Mg. 44, be the earth's centre, and Es the direction of the 
star ; and, supposing the moon to pass directly between the star 
and centre of the earth, let M be the place of her centre when in 
that position. As the star has no sensible parallax, lines, as An 
and B6, drawn from it and tangents to the moon, will be parallel 
to sE. Hence, in the portion of the surfaeo whose breadth ah is 
limited by these parallel lines, the occultation must he visible. 



* A formulii for this purpose is nlwaya given, with the formulae for computiug 
the parallaxes. 
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Now, as Jia is parallel to ME, the angle dME = Mi»A = &, the 
moon's semi-diamoter, nearly. We, also, have {93 E), ME 

= ■ Hence, from the triangle MEer, we have, 

Ea : -^ : : sin 8 : sin MaE ^?^^. But (99), i^ = .2730. 
sin « sin « sin « 

Therefore, the angle MaE = 1G4° 9'. Whence, taking aME 
= 8 = 16', we obtain MEa = ac = 15° 35' ; and for the length 
of ab, 2150 miles, nearly. 

Aa the moon moves in her orbit from u towards n, the occultation 
will bo visible in succession to different portions of the earth, lying 
in a direction, nearly, from west to east ; the common breadth of 
the whole not differing greatly from that obtained above, except 
when the moon passes considerably north or south of the star. 

The parallaxes and apparent diameters of all the planets are 
small. The extent of visibility of an occultation of any one of 
them will not, therefore, differ much from that of an occultation 
of a fixed star, 

258. Distanee of moon's centre from the star, at tkeieginning or 
end of an oeeuUcition for the earth in general. This distance is 
equal to the sum of the moon's horizontal parallax and semi- 
diameter. 

Let CD, a tangent to the earth, be parallel to sE. Then the 
occultation must commence for the earth, in general, when the 
moon's edge comes to this line. Hence, the distance sEis = sE^ 
-I- (/Em = E^D + g^u = « + s. 

The greatest value of »< + g is 78' 20".5. Hence, when the 
moon's least distance from the star exceeds this quantity, there 
cannot be an occultation at any place on the earth. 

Erom the greatest and least values of it + *, and by taking into 
■view the inequalities in the moon's motion, it has been found, that, 
when at the time of the moon's mean conjunction with a star, the 
difference between the mean latitude of the moon and that of the 
star is 1° 87', there cannot be an occultation ; but when the dif- 
ference is less than 51', there must he one. Between these limits 
there is a doubt, which can only be removed by computing the true 
place of the moon. 
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259. Stars that may mffer an occultation. As the sum of the 
moon's greatest latitude (198), and the greatest distance of the 
moon from a. star, when an occultation can take place, is about 6° 
36', it follows that no star whose latitude is greater than this, can 
suffer an occultation, and that all those whoso latitudes are a little 
less may he occulted. 

260. Computation of an occultation for a given place. The 
computation of an occultation for a given place, either of a star or 
planet, differs but little from that of a solar eclipse. The star or 
planet takes the place of the sun. In the case of a star, it is to 
be observed that the star has no sensible parallax, apparent semi- 
diameter, or hourly motion. In the case of a planet, the moon's 
apparent relative hourly motion in latitude depends on the hourly 
motions in latitude of both the moon and planet. In making the 
computation, the difference between the latitude of the moon and 
star or planet, at the time of apparent conjunction, is used instead 
of the moon's latitude. Consequently, the arc AB, Fig. 43, which, 
in an eclipse of the sun, represents an arc of the ecliptic, in the 
case of an occultation, represents an arc passing through the star 
or planet, and parallel to the ecliptic. As the distance on this arc 
between two circles of latitude is less than on the ecliptic, the ap- 
parent distance of the moon in longitude from the star or planet, 
and the moon's apparent relative motion in longitude require small 
reductions. These are made by multiplying each, by the cosine 
of the latitude of the star or planet. 

Instead of Longitudes and Latitudes, Uight Ascensions and 
Declinations may be used in the calculation both of eclipses and 
occultations.* 

261. Irradiation and Inflexion. Some astronomers have thought 
that the apparent diameter of the sun as obtained from observa- 
tion, and given in the tables, is too great. This has been inferred 
from a comparison of the observed time of the beginning or end 
of a solar eclipse at a known meridian, with the time obtained by 
computation, after making allowances for the errors of the tables 

* For the lines tigition of form\il(e foe oomputing eolipses anil occultations, sea 
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in other respects. To account for it, they have supposed that the 
apparent diameter of the sun is amplified by the very lively im- 
pressions so luminous an object makes on the organ of sight. This 
amplification is called irradiation. They have also supposed that 
the moon has an atmosphere which, hy its action on the rays of 
light passing through it, inflects them, and produces an effect such 
as would be produced by a small diminution in the moon's semi- 
iliameter. This is called the inflexion of the raoon. Du S^jour, 
an astronomer of note of the last century, concluded, that in cal- 
culating solar eclipses, the sun's semi-diameter, as given in the 
tables, should be diminished Z\" for irradiation, and the moon's 2", 
for inflexion. 

The subject of irradiation and inflexion is, however, involved in 
considerable uncertainty, and several eminent astronomers have 
doubted the existence of either. 

262. SehoUum. Eclipses of the sun and occultations are not 
only interesting phenomena, but when carefully observed, they are, 
also, practically useful. When observed at places whose latitudes 
and longitudes are truly known, they furnish means for detecting 
eiTors in the tables used in computing the places, parallaxes, and 
apparent diameters of the bodies. For, the difference between the 
observed and computed times must depend on these errors. When 
observed at places whose longitudes are not well known, they fur- 
nish the means of determining them more accurately. Their 
application for this latter purpose will be noticed in a subsequent 
chapter. 
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CHAPTER XIV. 

GENERAL REMARKS ON THE PLAKETS. — DEFINITIONS. ^-ELEMENTS 
OF THE ORBITS OF THE PLANETS. — CONVERSION OP THE 
HBLIOCBNTRIO PLACS OP A PLANET INTO ITS GEOCENTRIC 
PLACE. — RETROGRADE MOTIONS OP THE PLANETS. — REAL 
DISTANCE, ETC. OF THE PLANETS. 



•,l remarks, Each of the planets, like the moon, is 
found to he, during about half its period, on one side of the ecliptic, 
and, during the'iother half, on the other aide. Hence, we may infer 
that their orbits are all divided by the plane of the ecliptic in nearly 
equal parts. But the apparent motions of the planets differ essen- 
tially hi one respect from that of the moon. The apparent motion 
of the latter is always direct, or from west to east ; but the appa- 
rent motion of each planet, during a ^art of its period, is retrograde, 
or from east to west. When the motion is changing from direct to 
retrograde, or the contrary, the planet remains stationary, or nearly 
so, for some days. This difference between the motions of the 
moon and planets, is a consequence of their different centres of 
motion. As the latter revolve round the sun (17), their apparent 
motions must depend both on their own motions and on that of the 
earth. 

DEFINITIONS. 

264. G-eoeentric and Heliocentric Places. The geocentric place 
of a body is its place as seen from the centre of the earth ; and the 
heliocentric place, is its place as seen from the centre of the sun. 

265. Ourtate distance. If a straight line be conceived to be 
drawn from the centre of a planet, perpendicular to the plane of 
the ecliptic, the distance from the point in which it roeots this plane 
to the centre of the sun, is called the curtate distance of the planet. 
The point itself is called the reduced ]jhce of the planet. Thus, 
if P'SN. Fig. 46, be the plane of the ecliptic, S the sun's centre, 
HP a part of the orbit of a planet, P the place of the planet at 
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any time, and PP' perpendicular to P'SN, then SP' is the curtate 
distance of the planet at that time, and P' is its reduced place. 

266. Eliyngation, ^o. If a plane triangle he formed hy joining 
the reduced place of a planet, the centre of the sun, and centre 
of the earth, the angle at the earth is called the elongation of the 
planet, the angle at the sun is called the commutation, and the angle 
at the reduced place of the planet is called the annual parallax. 
Thus, SEP' is the elongation, ESP' the computation, and EP'S the 
annual parallax. 

267. Elements of the orbit of a planet. There are seven dif- 
ferent quantities necessary to be known in order to compute the 
place of a planet for a given time. These are cuRed the elements 
of the orbit. They are, the longitude of the ascending node ; the 
inclination of t! e j.lane of the o b t to that of the ecliptic ; the 
periodic time o t! e pla et s mean mot o the mean distance of 
the planet fiom the sun t\1 I s tl e s mo, the semi-transverse 
axis of its h t t! e e t e ty of tl e orbit ; the longitude of 
the perihelion and the t m tl e plinet s t the perihelion, or its 
mean longitude atag ntmo po ! 

ELE IE T P THr ORB T. 

268. Lonff tude of the as d q oie When a planet is at 
either of its noles t s n the plane f the ecliptic, and, conse- 
quently, its Ut tude 3 then noth ng Let he right ascension and 
declination of tl e pla et 1 e obse d n several consecutive days, 
at the perio Its pass n^, f m the sou h to the north side of the 
ecliptic, and let is conespo d ng long t les and latitudes be com- 
puted (119). From these the t me at wl ch the planet's latitude 
is nothing, a d ts long tu le at tl t t ne may be obtained by pro- 
portion or interpolation. This longitude of the pianct will evidently 
be the geocentric longitude of the node. Also, by means of the 
solar tables, let the longitude of the sun and the radius vector of 
the earth be found for the time the planet is at the node. Ey 
similar observations and computations when the planet returns to 
the node, let the values of the same quantities be again obtained. 
From these data, if we assume the node to remain in the same 
position, its heliocentric longitude may be found. 
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Let S, Fig. 45, be the sun, PQ a part of the orbit of tbe planet, 
N the node, E tbe place of the earth when the planet was found 
to be at the node N, from the first set of observations, and E' its 
place at the time of the planet's return to the node. Also, let 
EV, E'V, and SV, all parallel to one another, represent the direc- 
tion of the vernal equinox. Then, assuming the mean radius vector 
of the earth to be a unit, put r = SE = earth's radius vector, S = 
VES = sun's longitude, and G = YEN = geocentric longitude of 
the node, when the earth is at E ; and let »■', S' and G' represent 
the samo quantities when tbe earth is at E'. Also, put H = SN" 
= radius vector of the planet when at the node N, and N = VSN 
= the heliocentric longitude of tbe node. Then, we have, SEN = 
VES - YEN = S - G, and SNE = YAN - YSN = A^EN - 
VSN = G — N. From the triangle SEN", we have, 

sin SNE : sin SEN : : r : R, 
or, sin (G - N) : sin (S - G) : : r ; R, 
or, n sin (S - G) = B sin (G ~ N) (A) 

In like manner we have, 

r'. sin (S' - G'} = R. sin(G'-N) (B) 

Therefore, dividing (A) by (B), we have, 
r. Bin(3 — G) _ 8m (fl — S) _ BJn G eoa S — eoaQ siaN _ Biii G— coa G tang N 
r'. Bin (S'—0')~sm{G' — N)~siiiiG'ooBN — cos a'sinH~3iiiG' — G03 G' tang N' 

Hence, we easily find, 

_ r. sin (S - G) sin G' - r'. sin (S' - GQ sin G 



tang N = 



(8 ~ G) cos G' - r'. sin (8' - G'l cos G' 
sin (S - G) 



"We, also, have (A), R ^ — ,., _ -^s- 

The heliocentric longitude of the descending node may be found 
in a similar manner. 

269. Retrograde motions of the nodes. From observations made 
at distant periods, it is found that the heliocentric longitudes of 
the nodes of all the planets are slowly increasing. The greatest 
increase is about 70' in a century. But, in consequence of tbe 
retrograde motion of the vernal equinox, the longitude of a fixed 
star increases, during a century, nearly 84'. Hence, as the in- 
crease in the longitude of each node is less than that of a fixed 
star, it follows that tbe nodes of all the planets have slow retro- 
grade motions. 
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When the motion of the nodes of a planet has been found from 
observations at distant periods, the slight correction necessary in 
the longitude of the node, as determined by the last article on the 
assumption that the node did not move, may bo easily made. It 
it is also obvious, that with the longitude of the node found for 
any known time and the-motion of the node, the longitude may be 
easily obtained for any other given time. 

270. The plane of a planet's orbit. When the heliocentric 
longitudes of the two nodes of the same orbit are obtained for the 
same instant of time, they are found to differ 180°. Hence, it 
follows that the line of the nodes, and, consequently, tho plane of 
the orbit, pass through the ccntro of tho sun. 

271. Inclination of the orbit. To determine the inclination of 
the orbit, let the time at which the sun's longitude is the same as 
the heliocentric longitude of the node be found, by means of the 
solar tables ; and let the longitudes and latitudes of the planet be 
found from its observed right ascension and declination, for several 
consecutive days, contiguous to this time. From these, its geo- 
centric longitude and latitude at that time become known. 

Let JE, Fig. 46, be the earth, S the aun, and N the node, when 
the longitude of the sun and node are the same, and let P be the 
place of the planet in its orbit at that time. Let PP' be perpen- 
dicular to the plane of the ecliptic, meeting it in P' and P'B per- 
pendicular to SN, Then will the angle PDP' be the inclination of 
tho plane of the orbit. Put E = SEP' = VEP' — VES = geo- 
centric longitude of the planet — sun's longitude, ^ ^ PEP' ^ 
geocentric latitude of the planet, and I = PDP' = inclination of 
the orbit. Then, 

DP' tang I = PP' = EP' tang >.. 

But, DP' = EP' sin E. 

Hence, EP' sin E tang I = EP' tang x. 

or, tang I = —. — =-• 

' ° sin E 

The orbits of the planets, with one exception, have small incli- 
nations. Those of Venus, Mars, Jupiter, Saturn, Uranus, and 
Neptune, are all less than 4° ; that of Mercury is about 7° ; that 
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of Pallas ia nearly 35° ; and those of all tbe other asteroids are 
between 3° and 15°. 

The inclinations are found to have small secular variations. 
Some of them are increasing and others decreasing. 

272. Periodic Time and Mean Motion. The period wliich 
elapses from the time that the planet ia at one of its noclea till its 
return to the same, allowance being made for the motion of the 
node, is the sidereal revolution of the planet. 

Another method of finding the sidereal revolution, ia to dednce 
it from the synodic revolution. The latter is obtained by observing 
the times of two consecutive conjunctions of the same land, or two 
consecutive oppositions, Tho intervening period is the synodic 
revolution, from which the sidereal is easily obtained. Let a = 
the synodic revolution, p — the periodic time or sidereal revolu- 
tion, and p' = the sidereal revolution of the earth, all expressed in 
mean solar days. Also, let m = mean daily motion of the planet, 
and m' — mean daily motion of the earth. Then we evidently have, 
m' cT) m : 360° : ; 1 day : s. 

-D . r 2^0° A ^^^° /n^ 

But, m' = — ;— ) and m = (u) 

/ p 

Substituting these, and dividing the first and second terms of the 
proportion by 360, we have, 

1 ^ 1-1--1-S 
P' p ' " ' ' 

or, p </> p' : pp' : : 1 : 3, (D) 

or, p ~ p' : + pp' : : 1 : s. 

Hence, 8» — so' = + VP\ or, p = -~— 
- s+p 

In which, the upper sign is to be used for a superior planet, and 
the hwer for an inferior. 

When p ia found, m, tho mean daily motion, becomes known (C). 

Cor. From the proportion (D), we have, for the synodic revolu- 
tion in terms of the periodic revolutions of the planet and earth, 
g = pp' - 

273. Kelioeentrie Longitude and Latitude. When the place 
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of the ascending node, and the inclination of the orbit of a planet 
are known, and tho geocentric longitude and latitude of the planet 
at any time have been found, from ita observed right ascension and 
declination, its heliocentric longitude and latitude, and also, its 
radius vector, at that time, may be obtained by computation. 

Let the sun's longitude and radius vector, at the time, be calcu- 
lated; and referring to Fig. 47, put, 

Gr = ^Ej3 = geocentric longitude of planet, 

J. = PE^ = " latitude " 

L ^ VSp ^ heliocentric longitude " 

I = PS^ = " latitude " 

L'= VES = sun's longitude, 

N = VSN = heliocentric longitude of aaeonding node, 

I = PD^ = inclination of the orbit, 

E = SEjj = clong., S = ESp = eommut., ■p ~ SpE = an. 
parallax. 

D = NSE, X = NSp, 

R = SE = earth's rad, vec, r = SP = planet's radius vector. 

Then, N + D = VSN + NSE = earth's longitude = L' + 
180°, or D - L' + 180° - N, and E = VEp - VES = G - 
L', are known. We have also, p = S^E = VS^ — YAp = VS^ 
- VE^ = L - G, S = NSE - NS_p = D - a:, and L = VSN 
4- NSp = N H- !C. Now, by trigonometry, we have, Dp = Sp 
sin at, and Sp tang I = Vp = J>p tang 1 = Up sin x tang I, 
or, tang ^ = sin a; tang I (E) 

Also, E^ tang ». = Pp = S^ tang /, 
or, tang J. : tang i : : S^ : Ep : : sin E : sin S (F) 

But, since S = I> — a;, we have, sin S = sin (J) ~ x) = sin D 
cos a: -- cos D sin x. Substituting in the proportion (F), the 
values of sin 8 and tang I, it becomes, 

tang J. : sin x tang I : : sin E : sin D cos x — cos D sin ar, 
or, sin x tang I sin E = tang ^ sin D cos a; — tang s. cos D sin x, 
or, tang x tang I sin E = tang \ sin D — tang % cos D tang x. 

tang ?. sin D 

Hence, tang x = — — -— ■ - ■ ■■ - ■■■• 

tang I sin E + tang s. cos D 

Conser(uently, L = N + a;, becomes known. 

As S = D — a^, is also known when x is known, ive may obtain 
I from either (E) or (F), the latter of which gives. 
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, sin S tang A 
tang I = ^^'^' 

The triangles PpS and E^S, give S^ = SP cos PS^ = r cos I, 
and, sin _p : sin E : : II : S^, 
or, siu (L - G) : sin E : : E : J- cos I. 

„ R sin E 

Hence, r = -. 

cos I sin (L — G) 

Let x' = NSP, and L" = N + ^' = VSN + N8P == helio- 
centric orbit longitude of the planet (199). Then DP = SB tang 
x'. Hence, 

SD tang a; = D^ = DP cos I = SD tang x' cos I. 
Therefore, 
tang «' -.?55iJ!, or, tang (L» - H) - i'^HiJl^JzlL (G) 

COS I COS I 

Consequently, L" = N + x', becomes known. 

274, Longitude of the perihelion, ^c. Assuming the orbit of 
the planet to be an ellipse, if its heliocentric orbit longitude, and 
its radius vector be found for three different times (273), we may 
thence determine the longitude of the perihelion, the eccentricity, 
and the semi-transverse axis, of the orbit. 

Let PDG, Ftg. 48, be the orbit, P the perihelion, and D, E and 
F, the three positions of the planet in its orbit. Then, SD, SE 
and SF are known, and from the longitudes, the angles DSE and 
DSF are also known. Put r = SD, r' = SE, r" = SF, e = angle 
DSE, ?! = DSF, X == PSD, « = PC = semi-transverae axis, and 
e = the eccentricity. Then, ae = SC (151), Hence (Conic 
Sections), 

PC^ - SC^ a^ ~ a^e" 



PC -I- SC cos PSD a + c 
«• ( 1 - ^') 



1 -I- e cos 



(II) 



1 -1- e cos ( a: -f e) 

'^ (1 - ^') 
1 + c cos (a; -)- f) 



. (K) 
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From (H) ancl (I), we have, 

r -h re cos X = r' + r'e eos {x + $) 



. (L) 



r COS a; — r' cos {x + o) 
In like manner, from (H) and (K), wc have, 

e = r^^~^ — ^^^^ 

r cos X — r" cos {x + ^) 
Put r' ~ r = m, and r" — r = n ; then from (L) and (M), we 
have, 

m _ r cos X — r' cos (a; + s) 
" r cos X —r" cos (a: + t) 

r cos a; — *•' cos fl cos a: -f- r' sin sin x 







r cos a^ - r" 


cos ^ 


COB 


X + r" sii 


i-f sin 


X 


m 


= 


r-r' cos B 


+ r'l 


sin 


9 tang X 






n 


r — r" cos t 


+ r" 


sin 


. t tang X 




HencG, 


we 


easily find, 
















. m{T-T' 


' cos 1.; 


) — 


n{r~r' 


COS 9) 





The value of a: heing subtracted from the orbit longitude of the 
planet in the first position, the remainder must be the orbit longi- 
tude of the perihelion. Then, if L and L" be the ecliptic and 
orbit longitudes of the perihelion, we have (2TS G), 
tang (L — N) = tang (L" — N) cos I. 

Whence, L, the heliocentric ecliptic longitude, of the perihelion, 
becomes known. 

The value of e, the eccentricity, may he found from either of the 
expressions (L) and (M), and a, the semi-transverse axis, from (H), 
(I),or(K). 

Scholium. In the above investigation it baa been assumed, in 
accordance with Kepler's first law, that the orbits of the planets 
are ellipses. That they are so, or, at least, nearly so, is established 
by the fact, that different sets of observations, made on the planet 
in various parts of its orbit, give very nearly the same results for 
the longitude of the perihelion, the eccentricity, and the somi- 

The semi-tranaverse axes of the orbits of the planets, or their 
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mean distances determined aa above, and tlie periodic times de- 
termined by a previous article (272), are found to accord with 
Kepler's third law (IS-i), or nearly so. As the truth of this law 
has been confirmed by inveatigations in physical astronomy, and as 
the periodic times of the planets may be determined with great 
precision, we may, from these, obtain more accurate values of the 
semi-transverse axie. Thus, putting P and "p for the periodic times 
of the earth and planet respectively, and A and a for their meau 
distances, we have P^ : ^' : : A' : a'. Whence, <t becomes known, 
when P, Xh ^^^ -^ ^""^ known. 

It is, however, usual to assume the earth's mean distance from the 
eun to be a unit, and to express the mean distances of the planets 
and the radii vectores of the earth and planets, in accordance with 
this assumption. We then have, V^ : p' : : 1 : (^ ; or, 

» = ^_ 

275. Motions of the penhehons and changes in (he eecentncihes 
From obseivations made on each of the diflerent planets, at distant 
periods, it la found thit the perihehms of all then oibits hive 
slow motions The motion of the peiihelion of the oibit of Yenu'^ 
is retrograde Tbise of the othei planeti ire duect 

The eccen til cities of the orbits are also subject to small secular 
variation* Some of them are at present increasing, and othoi=f 
decreasing 

276. Semi-transverse axes of the orhits. The a emi-tran averse axes 
of the orbits, or, which is the same, the mean distances of the 
planets from the snn, donnt ehnnye. This fart was first discovereii 
by Lagrange, from investigations in physical astronomy, and it 

^ith observation. 



277. Efoch of a planet's being at its perihelion. Prom several 
observations of the planet about the time it has the same longitude 
as the perihelion, the exact time that it ia at the perihelion may bo 
obtained by proportion or interpolation. 

278- Scholium. There are various other methods for determin- 
ing most of the elements of the orbit of a planet, beaides those 
given in the preceding articles. Those which are founded on ob- 
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servatioQS of the planet when in conjunction ov opposition, and at 
the nodes, are the most convenient and accurate. The elements 
of the orbit may, also, be determined with tolerable accuracy, by 
certain methods of estimation and computation, without extending 
the observations to the time of the planet's passage through tho 
node. These methods were applied on the discovery of the now 
planets. 

In determining the elements, many hundreds, or even thousands 
of observations have been employed ; and, with the exception of 
those of the new planets, they are now known with a bigh degree 
of precision. 

279. Tables of the pktneta. When the elements of a planet's 
elliptical orbit have been determined, its place in the- orbit may be 
calculated by Kepler's Problem, or by a table of the equation of 

■ the centre, computed by means of that problem. But the motion 
of a planet is subject to small perturbations, produced by tho ac- 
tions of the other planets. Investigations in physical astronomy 
have furnished the means of computing these perturbations and 
forming tables by which their values for a given time may be ea.sily 
obtained. A complete set of tables for any planet includes tables 
of the mean heliocentric places and motions of the planet, and of 
the perihelion and ascending node of the orbit, the equation of the 
centre, tho values of the perturbations, tho reduction of the planet's 
place in its orbit to the ecliptic, and the radius vector of the 
planet or its logarithm.* 

280. Geocentrio longitude and latitude. From the heliocentric 
longitude, latitude and radius vector of a planet as obtained from 
the tables, it is often required to find the geocentric longitude and 
latitude. Referring to Fig. 47, and designating the quantities as 
in article (273), we have, by trigonometry, 

SE, + 8p:Scr>'ESp:: tang ^ (S;iE -I- SEp) : tang i (S^E .x SE^), 
or, U + r cos I : R<» r qos I : : tang ^ (i* 4- B) : tang ^ {p -y^ E}, 

or, 1 -I- "^::l'Z>'^^-:tang|{i> + E) ; tang l (l^ ^ E). 

* The best tables of the planets ore those hy Lindenau, for Mercury, Venua and 
Mai-B, with ihe eiplanations in Latin ; and those by Bouvard, for Jupiter, Saturn 
luid Uranus, with the explanations >□ French. 
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Put, taiig S = - 

Then, as (2T3), j) + E = L~G+G-L' = L -L', we have, 
1 + tang fl : 1 c» taug 9 ; : tang ^ (L ~ L') : tang \{'p<^ E). 



1 + tang e 
or, {App. 15), tang ^ (p 02 E) = tang (45° o^ 0). tang ^ (L — L'). 

Then, \{f^ E), added to ^ {p + E), or its equal i (L — L'). 
for a superior planet, or subtracted from it for an inferior planet, 
gives E, the elongation. And E added to L' gives <jt, the geo- 
centric longitude. 

As (L — L'), or its equal {f + E), is the supplement of S, and 

as the sine of an angle is the same as that of its supplement, we 

have for i, the geocentric latitude (273, F), 

sin E tans I ,^^, 

tang^=— y— ^ N 

sin (L — L') 

When the planet is in conjunction or opposition, this formula, 
for the geocentric latitude is not applicable ; for, then, E and 
(L ~ L') are either 0° or 180°, and, consequently, their sines are, 
each, zero. But, as E, S and f are then in a straight line, '•k% 
have Ep = SE ^ S^ = E ^ )■ cos I. Hence, 

r ain ; = P^ = E^ tang ^ =(R J, r cos I] tang ^, 

r sin I ,„. 

'"i^'-ETT^ri <"> 

The ufper sign appertains to the conjunction of a superior 
planet or superior conjunction of an inferior, and the loicer, to op - 
position or inferior conjunction. 

281. Distance of a planet from the earth. Eor the distance of 
a planet from the earth, we have, 

EP ein ?- = Py = S^ sin ? = r sin I, 

m! = '^ (p> 

Another expression, more accurate in practice, especially when 
the latitudes are small, may be easily obtained. For, 

sm E : ain S : : S_p : E^, 
or, sin E ; sin (L — L') : : r cos I : EP cos ?.. 
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r cos I sin (L — I/) ,„, 

Whence, EP = — -^— -' (Q) 

COS ^ sm i!i 

282. Horizontal parallax of a planet. Let r — radius vector 
of the planet, expressed in terms of the earth's mean distance from 
the sun regarded as a unit, n = the planet's horizontal parallax, 
and «' = the aun's mean horizontal parallax, that is, the parallax 
at the distance 1. Then (93), 

Tl.T:l :■..'■..= — 

Hence (281, P and Q), 

n' sin y- n' cos A sin E 



)■ sin l' ' r cos I sin (L — L') 

283. Apparent semidiameter of a planet. The semidiameter 
of a planet, as obtained from observation with a micrometer or 
heliometer, when the planet is at a known distance, may be re- 
duced to what it would be, if aecn at the mean distance of the 
ear.th from the aun, that is, at the distance 1. Let *' = this value 
of the semidiameter and S = the value at any time. Then (97), 



s I sin (L - L') 



RETROGKADATIONB AND STATIONS OP A PLANET. 

284. Retrograde motion of a planet. As the orbits of the planets 
are nearly circular, and do not deviate much from the plane of the 
elliptic, we shall here regard tliem as circular and coinciding with 
that plane. 

Let S, Mg. 49, be the sun, ACE the orbit of the earth, ace 
that of an inferior planet, A and a the places of the eaith and 
planet when the latter is in inferior conjunction, B and b their 
places at some short time after conjunction, as, for instance, an 
hour, AV and EV the direction of the voriial equine'^, and Bs and 
it perpendicular to SA. Also, let P and p be the periodic times 
of the earth and planet respectively, expressed in hours, M = 
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ASB = earth's Hourly motion, and m = «S6 = planet's hourly 

motion. Then, by Kepler's third law, 

SA^ ; S<[' : : P^ : f 

or, SAx/SA : Sa^/Sa : : P : ^. 

360° 360° „ . . ,, 

But, P : ID : ; -~— : : ; sra ; M : : sm m : am M. 

Hence, SAv'SA : S«^/S« : : ein m : sin M (B) 

But, Sa : SA : : Sfl : SA. 
Therefore, -/SA : n/S« : : Sa sin m : SA sin M : : 6t : Es. 

Consequently, as VSA is greater than \/Sa, it follows that It 
is greater than Bs. The line B6, therefore, inclines from AS. 
Hence, as EV is parallel to AV, the angle VB5, which is the 
planet's geocentric longitude when at 1>, is less than VAa, its goo- 
centric longitude when at a. The apparent motion of the planet 
ia, therefore, retrograde at the period of inferior conjunction. 

Let B and e be the places of the earth and planet at the time 
of superior conjunction, and F and/their places an hour after- 
wards. Then, it is evident that VF/, the geocentric longitude nf 
the planet at/, is greater than VEp, its geocentric longitude at e. 
The apparent motion is, therefore, direct at the period of superior 
conjunction. 

As the direction of a from A, or 5 from B, is directly opiioMte 
to that of A from a, or B from b, it follows that, when the motion 
of the planet appears to he retrograde as seen from the earth, the 
motion of the earth must appear retrograde as seen from the 
planet ; and the same must apply to the direct motions. Hence, 
regarding aee as the orhit of the earth, and ACE as that of a su- 
perior planet, it is obvious that the apparent motion of the supe- 
rior planet must be retrograde at the period of its opposition, and 
direct at the period of conjunction. 

It will appear, from the next article, that the period during 
which the apparent motion of a planet is retrogra.de, is much 
shorter than that during which it is direct. 

285. A •planet sometimes appears to be stationary. Let C and c 
be two corresponding places of the earth and planet, and D and d 
their places an hour afterwards. Then, if the places C and c he 
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Buch that Dd is parallel to Ce, tho geocentric longitudes YDd and 
'VGn will be equal, and, therefore, the planet must, at that time, 
appear to he stationary. 

To find SCc, the angle of elongation when the planet appears 
stationary, put x = SCc and t/ = CcG- ; and regarding the earth's 
distance SO = 1, let d = Sc = the planet's distance. Then, SDd 
= Sno = SCc + CSD = ^ + M, and DdK = C4K = Sek -\- 
GSK = CcG- + GSK = y -\- m. Hence, from the triangles SCo 
and SDd, wo have, 

■m y : »„ . i : 1 : a : : »n (y + m) : .in {« + M) (S) 

or, sin y.smy cos m + cos y&iiim::svax'. sin x cos M + cos x sin M. 

But, as M and m are hoth very small, wo may regard eoa M = 1 

and cos m = 1. Hence, 

sin y : &va.y + cos ^ ain m : : sin a; : sin x -\- cos x sin M, 

. ,, sin M 

or, em ^ : sin IE : : cos y smm: cos ar am M : : cos y : - — i — cos x. 

But (284 R), '^^^ = ^"^^-^ = -^£^^ = aVa. 
' sin m SAv/SA SC^/SC 

Hence, cos y : a-^a. cos x : : sin^: sin x : : 1 : a (S) 

or, cos^^ : a^'coa^a; : : sa^y : sin^ x : : 1 : a^. 

Consequently, a" cos^ x= a' cos'i/' (T), and sin^ x-=(^ €\Y?y (U) 

Therefore (T and U), <f — a? sin^ x = a^ ~ a^ sin^ y = <f — sin^ x"^ 

flr, (1 — a^) sin^ x = a^ ~ a" (V) 

Again (TJ and T), 1 — cos' a: = «' — m' cos* y =^ a? — a^ cos* x, 
or, (1 - a') cos* 3^ = 1 - <t* (W) 

Dividing (V) hy (W), we have, 

tang a:=^— — ^ = -^— -, 

or, tang. = 4:^^^. (X) 

The upper sign appertains to an inferior, and the lower to a 
superior, planet. 

From (S), hy dividing the first and third terms "b"^ cos y, and the 
second and fourth hy cos x, we have, 

1 : a-/a '. : tang y : tang x. 

,_ tane x 

Hence, tang«/ = — -°— 

a\/a 
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The angles x and y being found, the angle CSc, which is equal 
to their difference, ia known. Now, CSc is the difference between 
the angular motion of the earth and that of the pla-net during the 
interval from inferior conjunction, or from opposition, to the time 
the planet is stationary. Hence, if we put t = this interval, and 
d = the difference of the daily motions of the earth and planet, 

(7 : OSc : : 1 day : f = — . 
d 

Now, it is evident, that the planet must appear stationary at a 
like interval prior to the conjunction or opposition, and that during 
the period from the prior to the suhaeciuent stationary positions 
its apparent motion must be retrograde. Henco, 2t expresses the 
period during which the motion is retrograde. The value of 2i, 
computed for each of the planets, is found to be much less than 
half the synodic revolution. 

SehoUum. The times of the stationary positions of the planets, 
and the periods of their retrogradations, computed as above, arc 
found to agree, nearly, with those obtained from observation ; and 
when more accurately computed by taiing into view the inclinations 
and elliptical forms of their orbits, the agreement ia complete. A.& 
these computations are founded on the arrangement of the sun, 
earth, and planets, according to the Copernican System, this agree- 
ment is a confirmation of the truth of that system. 

286. Real distances of the planets from the sun. From the sun's 
horizontal parallax, the earth's distance from the sun becomes 
known (96). This distance, multiplied by the numbers respectively 
which denote the relative distances of the planets, obtained on the 
assumption that the earth's distance is a unit(2T4, ;?c^o;.), gives 
the real distances of the planets. 

287. Apparent and real diameters of the planets. The apparent 
diameter of a planet ia determined by measurements with a mi- 
crometer or heliometer. Then the planet's distance from the earth, 
at the time of observation, being computed (281), the real diameter 

s known {99 H). 
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An inferior planet is nearer the earth at inferior conjunction 
than at auporior, by tlie whole diameter of its orbit ; and a superior 
planet is nearer at opposition than at conjunction, by tho diameter 
of the earth's orbit. Hence, as the apparent diameter is inversely 
as the distance, the apparent diameters of several of the planets 
are very variable. The greatest apparent diameter of Venus is 
about six times the least, and the greatest of Mars about five times 
the least. 

288. Rotations of the planets. All the planets on which suf- 
ficiently accurate telescopic observations can be made to ascertain 
the fact, are found to revolve on their axes in the same direction 
as the earth's rotation ; that is, from -west to east. 

A simple analogy in the times of rotation of the primary planets 
has been recently discovered by Mr. Kirkwood,* which, although not 
jet fully established as a physical law, has excited the interest of 
both European and American astronomers. It may be stated in the 
following manner. If P and P' are the points of equal attraction 
between any planet and those next inferior and superior to it, re- 
spectively (the three being in conjunction), the distance between 
the points P and P' will be the diameter of the sphere of attraction 
of the middle planet. Then, putting D and D' = the diameters 
of the spheres of attraction of any two planets ; and n and n' = 
the number of rotations in their sidereal revolutions, we have, 

n' : )i'^ : : D^ : D'^ 
Or, the square of the number of rotations made by a planet in its 
sidereal year is proportional to the cube of the diameter of its 
sphere of attraction. The accuracy of this proportion has been 
tested, as far as it can be in the present state of our knowledge 
of the masses and rotations of the planets, and found quite 
satisfactory. 

289. Bode'e Lavi. In the latter part of the last century, Pro- 
fessor Bode announced a remarkable relation among the distances 
of the planets from the aun, which is exhibited in the following 
table, the last column giving the true distances in whole numbers, 
on tho supposition that the earth's distance is 10. 

Daniel Kirknood, of Delaware College. 



, Google 





^ 






10 .. .. 


15 










LOO 95 




i88 300 



CHAPTER XIV. 

Mercurj 4 = 

Venus 4 + 3x2° = 

Earth 4 + 3x2' = 

Mars 4 + 3x2^ = 

(Asteroids) .... 4 + 3 X 2^ = 

Jupiter 4 + 3x2^ = 

Saturn 4 + 3x2'' = 

Uranus 4 + S X 2^ = 

(Neptune) 4 + 3x2' = 

Bj examining the tahle it will be seen that, prior to the discovery 
of the new planets, there was an abrupt increase from Mara to 
Jupiter. This break in the series of distances, led some astrono- 
mers to suppose there must he a planet occupying an intermediate 
position. Kepler had broached a similar opinion in one of his 
earliest publications, though it was not until after the discovery of 
Uranus, which seemed to strengthen the idea of a harmony in the 
planetary distances, that astronomers thought of searching for the 
body needed to complete the series. In the year 1800 an associa^ 
tion of practical observers was established for the purpose of find- 
ing, if possible, this concealed planet, each member undertaking to 
examine minutely ali the telescopic stars in a certain portion of the 
zodiac ; and, on the first day of the present century, Piazzi, one 
of their number, discovered the planet Ceres, the first of thirteen 
small bodies discovered within the last half century, revolving 
around the sun at distances varying from 22 to 32. The average 
of the distances of the Asteroids is about 26 as inserted in the 
table. It was supposed that, if a planet existed exterior to Uranus, 
its distance would be about 388, but, unfortunately for Bode's 
Law, the distance of Neptune is only about 300. 
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CHAPTER XV. 

IHIEEIOE PLANETS, MERCURY AND VENUS. — TRANSITS. — SUN'S 



291. Greatest elongations of Mercuri/ and Venus. Mercury and 
Venus have their orbita so far withm that of the earth, that their 
elongations are never great. They seem to accompany the sun, 
being seen in the weafc soon after sunset, or in the east a while before 
sunrise. 

Let S, Fig. 50, be the place of the sun, ABC the orbit of Mer- 
cury, which we will here suppose to coincide with the plane of the 
ecliptic, FG a part of the earth's orbit, and A and a corresponding 
positions of the planet and earth, when the former is at its greatest 
-elongation, at which time the angle aAS is a right angle. As the 
distances of the planet and earth from the sun both vary, the 
greatest elongation must also vary. Its value will evidently be 
greatest when SA is greatest, and at the same time Sa least, that 
is, when, at the time of greatest elongation. Mercury is at the 
aphelion of his orhit and the earth in perihelion ; and least, when 
the positions are reversed. With the least value of SA and 
greatest of Sa, we fiad the least value of Mercury's greatest elon- 
gation to be about 17^°, and with the greatest value of SA and 
least of S(T, we find the greatest value to be about 28^°. In a 
similar manner, we find the greatest elongation of Venus to vary 
from about 45° to nearly 48°. 

292. Synodic Revolutions of Mercury and Venus. From the 
formula (272 Cor.), the synodic revolution of Mercury is found to 
be about 116 days, and that of Venus, 584 days. 

293. Phages of Mercury and Venus. Regarding tne planets 
as opaque globular bodies, which shine by reflecting the light of 
the sun. Mercury and Venus must afisume the various phases of 
the moon. Referring to Mg. 50, let A and a, B and 5, &c-, be 
corresponding positions of one of these planets and the earth. 
Then, it is obvious that, while the planet is passing from its 



,v Google 



CHAPTER XV. 155 

; eastern elongation at A to ita greatest western at C, 
the enlightened disc must have the cr^eent form, like the moon 
from third quarter to first; and while passing from C to the 
following greatest eastern elongation at E, it must have the gib- 
bons form, like the moon from first quarter to third ; excepting, 
however, the positions of inferior and superior conjunction at B 
and D, at the former of which, the enlightened surface is turned 
wholly from the earth, and at the latter, entirely towards it, like 
the moon at new and fall moon. 

When viewed with a telescope of sufiicient power, both Mercury 
and Venus exhibit these phases. Wo have thus another confirms^ 
tion of the truth of the Copernican System.* 



294. G-eneral Remarks. Mercury is the least of the planets, 
with the exception of the four lately discovered ; and is much less 
than the earth. Ilis apparent diameter varies from 5" to 12". 
He shines with a steady white light, appearing as a luminous point 
above the western or eastern part of tlie horizon. Being always 
near the sun and, therefore, but for a short interval above the 
the horizon when he is below it, and that principally during the 
twilight, telescopic observations of his appearance aro difficuit and 
considerably uncertain. 



295. Period, Siatanee from sun, ^c. Mercury revolves round 
the sun in a little less than three months, at a distance of 3T 
millions of miles. His diameter is about 3000 miles, and his 
volume or bulk about -^^ that of the earth. According to the ob- 
servations of some astronomers, he revolves on his axis in 24h. 5m. ; 
the axis making a large angle, with a perpendicular to the plane 
of the ecliptic. 

296. Vimbility of Mercury. In high latitudes. Mercury is sel- 
dom visible to the naked eye, in consequence of the increased 

* It was objected to ths sjstem of Copernicus, that if it were true, Venus shonlil 
sometimes appear horned lilte the moon. He admitted the coaelusion, abiding that, 
should we ever bo able to see the actual aiape, it would appear so. 
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duration of twilight (182). But, in latitudes not higher than those 
of the United States, he may, under favourable circumstances, he 
seen in the evening or morning, for a number of days about the 
period of hia greatest east or west elongation. Supposing the at- 
mosphere clear, the other circumstances that favour his visibility 
are, that the greatest elongation should occur during the period of 
shorter twilight, that he should then be near the aphelion of hia 
orbit, or, at least, not very remote from it, and that hia polar die- 
taneo should be some degrees less than that of the sun. 



VENUS. 

297. G-enernl J^emarJcs. Tenus, the most brOliant of the 
planets, is frei;iuently called the morning ajid evening star, as she 
is in general conspicuously visible at one or the other of these 
times. In remote periods, this planet was regarded as two dif- 
ferent bodies; the morning star being called Inwifer, and the 
evening, Resperus. The discovery that they were the same body 
is ascribed to Pythagoras. 

The size of Venus is nearly the same as that of the earth, 
though a little less. Her apparent diameter varies from 10" to 61". 

298. Period, Distance, ^c. Venus revolves round the sun in 
about 7| months, at a distance of 69 millions of miles. Her 
diameter is about 7600 miles, and her volume /^ that of the earth. 

From observations of the motions of spots seen on the surface, 
it has been inferred that Venus revolves on her asis in 23h. 21m. ; 
the axis making an angle of 75° with a perpendicular to the plane 
of the ecliptic, and 72° with a perpendicular to the plane of the 
orbit. 

299. Day and Night, and Seasons at Venus. As the axis of 
Venus makes so large an angle with the axis of the orbit, it is evi- 
dent that she must be subject to great and rapid changes in the 
lengths of her day and night, and correspondingly great vicissi- 
tudes in her seasons. The circles corresponding to our tropics 
must be within 18° of her poles, and those corresponding to our 
polar circles, within the same distance of her equator. It can, 
therefore, only be within a zone extending 18° on each side of her 
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equator, that each rotation on her axia will, througlioiit the year, 
bring a return of day and night. In other parts there may in the 
course of a year be, at the same place, alternate day and night for 
each rotation of the planet : a day lasting during many rotations ; 
and a night of like duration. In the two zones of 54° breadth ex- 
tending from the polar circles to the tropics, the sun will sometimes 
ascend to the zenith, and at others scarcely rise above the horizon, 
or not rise at all, for many consecutive days. 

300. Venus sometimes vwihle during the full light of day. In 
consequence of the changes in the extent of the enlightened part 
of the disc and the varying distance of Ven«8 from the earth, the 
intensity of her light is subject to considerable variation. By a 
simple investigation in Differential Calculus, in which the circum- 
stances that influence the intensity of her light are noticed, it has 
been found that she gives the greatest light in about 36 days be- 
fore and after inferior conjunction ; her elongation being then 
about 40°, and the enlightened part of the disc not much over a 
third of the whole. At these periods the light is so great, that 
objects illuminated by it, cast perceptible shadows.* She may 
also, then, be very distinctly seen by the naked eye during the 
full light of day, even at mid-day, especially if at the time she has 
considerable north declination so as to rise far above the horizon. 

301. Mountains of Venus. Some astronomers have thought 
that they had detected evidences of high mountains on Venus, and 
have computed the heights of some of them to be over 20 miles. 
But, as the intense light of this planet dazzles the sight and ex- 
aggerates the imperfections of the telescope, thereby, rendering 
observations difficult, and some of them quite uncertain, the exist- 
ence of these mountains is not to be regarded as established. 

* This ia quite obseiyable when the oTijcot ia placed In an open winiJow of n 
room, and the sliaJow is ceceiyed on the opposite vrall oc on a white screen. 
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TilANSITB OF MERCOKY AND VENUS. 

302. Definition. When either Mercury or Venus, at the time 
of inferior conjunction, is near to either node of its orbit, or, which 
amounta to the same, when the longitudes of the sun and node are 
at that time nearly equal, the planet must pass between the sun 
and earth, appearing aa a well-defined black spot traversing the 
disc. This phenomenon is called a Transit of the planet. 

303. Transits of Mereury. The longitudes of Mercury's nodes 
are about 46° and 226°, and these longitudes vary but little more 
than a degree in a century. In the present age, therefore, tran- 
sits of Mercury can only occur in the months of May and Novem- 
ber, for it is only in these months that the sun can have the same 
longitude as the nodes. 

"When a transit has occurred at one node, there cannot be an- 
other at the same node, till the lajise of a period of time composed 
of whole synodic revolutiona, and also, of whole years or nearly 
so. Por they occur only at inferior conjunction, and those at the 
same node, nearly at the same time in the year. Hence, taking a 
to represent a synodic revolution of Mercury, f the periodic revo- 
lution of tho earth or sidereal year, if m and n he two whole num- 
bers such that ns =^ mp nearly, or — ^ — nearly, then will m be 

the number of the years in the period between two consecutive 
transits at the same node. Different values for m and n, less or 
more exact, may be obtained by the method of continued frac- 
tions.* It is thus found that transits at the aame node occur at 
intervals of 6 or 7 years, 13 years, 33 years, he. 

A transit at one node is generally preceded or followed, at an 
interval of 3^ years, by one at the other node. 

The last two transits of Mercury, both of which were visible in 
this country, occurred in May, 1845, and November, 1848. f 

^ This method ie freqneiillj given in treatises on Algebra. A practical role ia 
given in Lewis's Aritlimetic. 

\ Other transits Uiat wiil OConr dariag t!ie present eentuvy, will tappeQ NoTem- 
ber, 1861, November, 1868, May, 1878, November, 1881, May, 1891, and Novem- 
'ber, ]S94. Of these the third and lost will be nsible in this oonutry. 
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304. Transits of Venus. The longitudes of the nodes of Ve- 
nus are about 75° and 255°, and the eun has these longitudes ia 
June and December. Hence, it is only in June and December 
that transits of Venus occur. 

A synodic revolution of Venus being about 584 days (292), a 
period of 6 synodic revolutions differs but little from 8 years. 
Hence, a transit at one node is generally preceded or followed, at 
an interval of 8 years, by another at the same node. A full in- 
vestigation, with reference to both nodes, shows that, commencing 
with the last transit, which occurred in June, 1769, succeeding 
transits must occur at the terminations of the periods 105^ years, 
8 years, 121^ years, and 8 years, taken in order and repeated in 
the same order. Thus, the last two transits were in June, 1761 
and 1769, and the next two will occur in December, 1874 and 
1882. 

Transits of Venus occur, therefore, much less frequently than 
those of Mercury. 

305. Computation of a Transit. The computation of a transit 
of Mercury or Venus, for any given place, is nearly like that of an 
eclipse of the sun.; the data for the planet taking the place of 
those for the moon. 

306. iSun's Parallax. A transit of Venus ia a phenomenon of 
great interest and importance as affording the best means of deter- 
mining with accuracy the sun's parallax, and thence, his distance 
from the earth. For a full investigation of the method by which 
the sun's parallax is deduced from observations of this phenomenon, 
the student must be referred to larger works. But the following 
illustration will enable him to understand the general principles 
on which the deduction depends. 

Let the circle cT)d, of which S is the centre, Fig. 51, represent 
the sun's disc, and let V be Venus, pq a part of her relative orbit, 
along which she appears to move in the direction from p to q, E 
the earth, and A and B the places of two observers, supposed to 
be situated at the opposite extremities of that diameter of the 
earth which is perpendicular to the ecliptic. Then, disregarding 
the earth's rotation, or, which is the same, supposing the positions 
A and B to remain fi.ted during the transit, the centre of the pla- 
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net will, to the observer at A, appear to describe the chord cd, and 
to the observer at B, the parallel chord ef. Also, when, to the 
observer at A, the centre of the planet appears to be at a, it will, 
to the observer at B, appear to be at b. As AB is perpendicular 
to the plane of the ecliptic, and the plane of the sun's disc is for 
each observer very nearly so, the line ha may be regarded as being 
parallel to AB ; and as the relative orbit, and, consequently, the 
chords cd and ef make but a small angle with the plane of the 
ecliptic, it may be regarded as perpendicular to these chords, and, 
therefore, as expressing the distance between them. 

Now, the observers at A and B may determine the duration of 
the transit of tJie planet's centre as seen at these places ; that is, 
the times of its appearing to describe the chords cd and ef. Then, 
as the relative hourly motion of Venus may be very accurately 
found from tables of the sun and planet, the values of the chords 
cd and ef, expressed in seconds, and, consequently, their halves hd 
and kf, may be obtained. Hence, hd and kf, and the sun's semi- 
diameter SD, being known, AD and kD, and, consequently, their 
difference hk or ah, arc easily found. 

As ba is parallel to AB, the triangles AEV and abY are similar, 
and we have, aY : AV t : ab : AB. But, from the tables, we 
know the ratio of «V to aA, and, consequently, of aY to AV. 
This ratio is, at a mean, 72 to 28 very nearly, or 5 to 2 nearly. 
Hence, we have, approximately, 5 : 2 : : ab : AB = ^ ab. But, 
AB, which is the measure of the angle AaB, is double the sun's 
horizontal parallax. Consequently, the sun's horizontal parallax 
= i ab, nearly. It follows that, whatever small error may be 
made in determining ab, the error in the parallax obtained will be 
only about one-fftk as great. 

It is not necessary that the observers should be situated as sup- 
posed above ; but it is important that they should he at places far 
distant from each other, in rather a north and south direction. 
The places being known, the complete investigation of the subject 
furnishes a method of deducing the parallax, taking into view the 
earth's rotation and every other circumstance that can influence 
the accuracy of the result. 

307. Determination of the sun' s parallax. Astronomers having 
made known the importance of having accurate observations of 
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the transits of Vcmis at different and distant places, expeditions 
on. the most efficient scale were fitted out for the purpose previous 
to the last transit, in 1769, by the British, French, Russian, and 
other governments. From the observations then made, eomhinod 
with some of those made in 1761, Professor Encke has found the 
sun's mean horizontal parallax to be 8". 5776. 



CHAPTER XVI. 

SUPERIOR PLANETS — SATELLITES OF JUPITER, SATURS AND URANUS. 

308. Superior Planets. The superior planets, revolving in orbits 
ivithout that of the earth, cannot exhibit to ua phases similar to 
those of Mercury and Venus. The disc of Mars, however, about 
the period of his quadratures, appears decidedly gibbous. The 
other planets revolve so far without the earth's orbit that their 
enlightened surfaces are always turned almost entirely towards the 
earth, and the gibbous form is not perceptible. 



309. General remarks. Mars is easily distinguished from the 
other planets by the ruddy colour of Ms light. He is a small 
planet, next larger than Mercury, His apparent diameter varies 
from about 3"^ to 18". In consequence of this great variation in 
apparent diameter, he appears at different times, except with regard 
to colour, as quite a different body.* 

310. Period, diatanee, ^c. Mars revolves round the sun in a 
little less than 23 months, at a distance of 111 millions of miles. 
His diameter is about 4000 miles, and his volume ^ that of the 
earth. He revolves in 24 h. S9m., about an axis that is inclined 
to the axis of the ecliptic, in an angle of 30° 18'. 

* The changE in the apparent diameter of Venus is still greater (297) ; but, hi 
consequence of her phases, the change in the light reoeiyed from her, while fiufli- 
ejently remote from the sun to be riaiblo, is much less. 
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Sll. Spheroidal form. According to tlie observations of some 
astronomers, Mars has perceptibly a spheroidal form. Arago 
makes his polar diameter to be less than the equatorial by ^'g of 
the latter. 

JUPITER AND HIS SATELLITES. 

312. Greneral remarks. Jupiter is the largest of the planets, 
his volume exceeding the sum. of all the others; and, with the ex- 
ijeption of Venus, he is the most brilliant. His apparent diameter 
varies from 30" to 45". 

313. Period, distance, ^c. Jupiter revolves round the sun in 
rather less than 12 years, at a distance of 494 millions of miles. 
His diameter is 90,000 miles, which is more than 11 times the 
earth's diameter. Consequently, his volume is more than 1800 
times that of the earth. He revolves in Oh. 50 m. about an axis 
nearly perpendicular to the plane of the ecliptic, 

314. Spheroidal form of Jupiter. The form of Jupiter is de- 
cidedly spheroidal. According to accurate micrometrical measure- 
ments, the polar diameter is less thaa the equatorial by nearly -,'5 
of the latter. 

Investigations, fouuded on the principles of mechanics, prove, 
that if a globular body composed of yielding matter, such as may 
some time have been the state of the earth and planets, be made to 
rotate about an axis, it must assume a spheroidal form ; differing 
less or more from a sphere, according to its magnitude and the 
rapidity of its rotation. These investigations, applied to the earth 
and Jupiter, assign to each, very nearly, the degree of oblateness 
it is found to have. 

315. Selts of Jupiter. When Jupiter is examined with a tele- 
scope of considerable power, his disc is observed to be crossed in a 
direction parallel to his equator, by several dark bands which are 
called his belts. These belts do not always present exactly the 
same appearance. They vary slightly in breadth and position ; 
but always remain parallel to one another and to the equator. 

316. Jupiter's Satellites. It has already been mentioned (9), 
that Jupiter is attended by four moons or satellites. These revolve 
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round him in sbort periods, and at correspondingly small distances. 
The periods, approximately expressed, are 2, 3|, 7 and IT daya, 
and the distances fi, 10, 15 and 21 times the radius of Jupiter. 

The orbits of the satellites are found to coincide nearly, but not 
exactly, with the plane of Jupiter's equator. Hence, as both the 
plane of his equator and that of his orbit have but small inclina- 
tions to the plane of the ecliptic, the satellites can never deviate 
far from either of these planes. They, therefore, always appear 
to be, and to move forward and backward, nearly in a straight line 
which croaaca the centre of the disc in the direction of the belts. 

The discovery of Jupiter's satellites by Galileo, was one of the 
first fruits of the invention of the telescope. They are visible with 
e of small power. 



31T. Disappearances of the satellites. Frequently, not more 
than two or three of th-e satellites are visible ; sometimes not more 
than one ; and one instance is stated to have occurred, when thej 
were all invisible at the same time. The causes of these disap- 
pearances will be easily perceived by reference to Fig. 52, in which 
S represents the sun, J Jupiter, E the earth, EK a part of the 
earth's orbit, and ahm the orbit of one of the satellites, in which it 
moves in the direction ahm. Jupiter is so remote from the sun, 
and so large a body, that his shadow extends to an immense dis- 
tance. A portion of it, only, is represented in the figure. Now, 
supposing the earth to be at E, and the satellite to be beyond 
Jupiter, in the part of the orbit from e to t^ it must evidently be 
invisible, being hid by the planet. When it is between the earth 
and Jupiter, in the part of the orbit from e to /, its light becomes 
blended with that of the planet, and it is generally invisible ; if, 
however, it happens to be directly between the observer and one of 
the belts, it may sometimes be seen with a powerful telescope, ap- 
pearing as a bright spot on the belt. When the satellite enters the 
shadow at a, it necessarily becomes invisible, as it then ceases to 
receive light from the sun. This last phenomenon is called an 
eclipse of the satellite. 

While the satellite is passing from m to n, it casts a shadow on 
the planet. With a telescope of high power, the shadow may be 
distinctly seen as it traverses the disc. 
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318. Ecli'pses of Jupiter's satellites. The eclipses of Jupiter's 
satellites are phenomeua of very frequent occurrence. For, in 
consequence of the great size of the planet, tlie small distances of 
the satellites, and the small inclinations of their orbits to that of 
their primary, the three interior satellites suffer an eclipse every 
synodic revolution ; and the fourth very rarely passes opposition 
■without being eclipsed. 

Both the beginning and end of an eclipse of the third or fourth 
satellite, or the immersion and emersion, at a and h, may frequently 
be observed from tbe earth ; both taking place on the same side of 
the planet. This is, also, sometimes the case with the second. 
But the orbit of the first ia so near to Jupiter, that its immersion 
and emersion can never both be seen ; one or the other taking 
place behind the planet. This -will be perceived by supposing an 
orbit to be described, much smaller than that in the figure. 

It is evident, from inspection of the figure, that the eclipses take 
place. to the west of the planet, while the earth is to the west of 
SJ, that is, before the opposition of Jupiter ; and to the east, while 
the earth is in the other half of its orbit, or after opposition. 

319. Revolutions and motions of the satellites. From the ob- 
served times of immersion and emersion of a satellite, the time it is 
in opposition to the sun becomes known ; for this time must evidently 
be the mean of the two former. It, therefore, follows that re- 
peated observations of the eclipses of a satellite serve to determine 
its mean synodic revolution. Trom this, the periodic or sidereal 
revolution is easily found. 

From the mean sidereal revolution, the mean motion or angular 
velocity becomes known. 

The orbits of the satellites differ but very little from circles, and, 
consequently, their true elliptical motions differ but little from their 
mean motions. The mutual actions of the satellites produce, 
however, some perturbations in their motions. These have been 
carefully investigated by Laplace and others ; so that their true 
motions are now quite accurately known. 

320. Ouriovs relation in the mean motions of the first three 
satellites. If the mean angular velocity of the first satellite be 
added to twice that of the third, the sum will be equal to three 
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times that of the second. From this, it follows that, if from the 
sum of the mean longitude of the first, and twice that of the third, 
three times that of the second be subtracted, the remainder will 
always he the same quantity ; and, from observation, it is found 
that this quantity is 180°. Hence, it also follows that the first 
three satellites can never all be eclipsed at once. 

321. Use of the eclipses of Jupiter's satellites in determining 
the longitudes of places. As a satellite, on entering the shadow, 
loses its light, and on leaving regains it, the same immersion or 
emersion must occur at the same instant for different places, how- 
ever distant from ono another. If, then, the times of immersion or 
emersion, as reckoned at two different places, he accurately ohaerved, 
the difference of these times must he the difference of longitude of 
the two places. Consequently, if the longitude of one of them is 
known, that of the other becomes also known. 

The times of the eclipses, computed from tables which have been 
formed for the purpose,* are givenintheNautical Almanac, for the 
meridian of Greenwich. These computed times differ hut little 
from the times observed at that meridian. If, then, an eclipse of 
one of the satellites be observed at any place, the diiference be- 
tween the observed time, and the time given in the Nautical 
Almanac, expresses the longitude of the place from Greenwich. 

This very simple method of finding the longitude is not so accu- 
rate as some others. For, as the light of the satellite gradually 
diminishes, while it is entering the shadow, and gradually increases 
as it is leaving it, like that of the moon when entering and leaving 
the earth's shadow, the oSseraet^ time of disappearance or reappear- 
ance of the satellite, must depend on the power and perfection of 
the telescope used, and, in some measure, on the eye of the 
observer. 

322. Transmission of Light. The grand discovery that the 
transmission of light is not instantaneous, but that it requires time 
proportionate to the distance, is due to Roemer, a Danish astrono- 
mer, who deduced it from observations of the eclipses of Jupiter's 
satellites. In 1675, Roemer examined and compared observations 

* Tlie best tabica of Jupiter's satellites ore those computed by Damoiseau. 
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of ilie eclipses of the satellites whicli hail been made during a num- 
bei' of preceding years. He found that the eclipses which hap- 
pened about the time of Jupiter's opposition, when he was nearest 
to the earth, all occurred some minutes sooner than they should do, 
according to the averages of the intervals between consecutive 
eclipses of each satellite ; and that, when Jupiter was near con- 
junction, and, consequently, most remote from the earth, they all 
occurred as much later than they should do, according to these 
averages. The deviations appearing thus to be connected with 
the planet's distance from the earth, it occurred to him, while seek- 
ing for their cause, that they could be explained by assuming light 
to be uniformly transmitted in time: that is, by assuming that, 
when any very distant phenomenon happens, a measurable interval 
of time, proportionate to the distance, elapses between the actual 
occurrence of the phenomenon and the perception of it by the ob- 
server. Pursuing the inquiry, he found that the deviations he 
had noticed would be completely accounted for, by allowing 8m. 
13sec. for the transmission of light through the distance between 
the sun and earth. This, since the sun's distance from the earth 
is 95,000,000 miles, gives to light the amazing velocity of more 
than 192,000 miles per second. 

This conclusion, with regard to the transmission of light and its 
great velocity, subsequently received complete confirmation by 
Dr. Bradley's discovery of the ahherration of light (131)- 

323. Jtotation of Jupiter's satellites. From very frequently 
repeated observations of Jupiter's satellites, it has been ascertained 
that they are subject to marked periodical fluctuations with regard 
to brightness ; and that the periods correspond respectively with 
the periodic revolutions of the satellites. Hence, it has been in- 
ferred that each satellite, like our moon, revolves on its axis in the 
same time that it revolves round the planet. 
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SATTTIIN AND HIS SATELLITES AND RINGS. 

324. General remarks. Saturn is a large planet, being next 
in size to Jupiter, and not greatly inferior. He is so remote from 
the sun, in comparison with the earth, that his apparent diame- 
ter is not subject to much variation. Its mean valae is about 
17". Consequently, Saturn, though so remote, ia, from his great 
size, a tolerably conspicuous object. He shines with rather a pale 
white light. 

In addition to his eight satellites (9), Saturn is distinguished 
from all the other planets by being surrounded, at some distance, 
by two broad, flat, circular rings, situated in the same plane, and 
concentric with the planet and with each other, 

325. Saturn's period, distance, ^c. Saturn revolves round the 
sun in about 29| years at the distance of 905 millions of miles. 
His diameter is about 79,000 miles, and his bulk nearly 1000 
times that of the earth. He revolves in lOh, 29m., about an axis 
making an angle of 28° 40' with the axis of the ecliptic. 

326. Saturn's Rings. The rings of Saturn are opaque bodies, 
shining like the planet, by reflecting the light of the sun. 'This 
follows from the fact that they are observed to cast a shadow 
on the side of the planet next the sun, and to be shaded by it on 
the opposite side. Mg. 53, represents Saturn surrounded by these 
singular appendages ; the body of the planet being striped by dark 
belts somewhat similar to those of Jupiter, but broader and less 
strongly marked. 

From micrometrical measurements, it has been ascertained that 
the distance from the surface of Saturn to the inside of the nearest 
ring is a little over 19,000 miles ; the breadth of this ring is about 
17,000 miles; the interval between the two rings is 1,800 miles; 
and the breadth of tho exterior ring is about 10,600 miles. The 
entire diameter of the exterior ring is 176,000 miles. The rings 
are extremely thin; their thickness, according to Sir J. Herschel, 
does not exceed 100 miles. 

When the rings are examined with telescopes of moderate power, 
they appear as one, the interval between them not being percep- 
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tible ; but this interval becomes distinctly seen when those of high 
power are used, appearing as a black line or narrow band as repre- 
sented in the figure.* 

32T. Inclination and Rotation of the Rings. It has been ascer- 
tained that the rings coincide, or very nearly so, with the plane 
of Saturn's equator. They must, therefore, he inclined to the 
plane of the ecliptic in the same angle that the axis of the planet 
is inclined to the axis of the ecliptic; that is, in an angle of 28° 
40' (325). It is also found that the piano of the equator and 
rings, and, consequently, the line in whitli it inttrsecta the plane 
of the ecliptic, remain parallel to themselves as Saturn mates his 
revolution in his orbit. From this it follows, that the axis of Sa- 
turn, like that of the earth, uontinucM parallel to itself. 

From observations of some parts of the rings less bright than 
others, it has been inferred that thej revolve in their oivn plane, 
making a revolution in about lOh. 29m. It is worthy of remark, 
that this is nearly the time in which a satellite, at a distance from 
Saturn, corresponding to the middle of the rings, would revolve 
round the planet. 

328. Varying appearance of the Rings and their disappearances. 
As the plane of the rings continues parallel to itself, and the angle 
of their inclination to the ecliptic is not large, the face of the 
rings can never be turned directly to the earth, or very nearly so ; 
and they do not, therefore, ever present to us a circular appearance. 
Being seen obliquely, they must, like all circular rings when thus 
viewed, appear elliptical ; the degree of ellipticity varying accord- 
ing to the greater or less obliqueness of their position, which, in 
consequence of the motions of Saturn and the earth, is continually 
changing. 

Let S, Fig. 54, be the eun, eae' the orbit of the earth, and ABCD 
the orbit of Saturn, which we may here suppose to coincide with 
the plane of the ecliptic ; and let the parallel lines in the figure 

* Appearnneea of other linea of division bave been seen oecaaionallj by so»etal 
nbeervers, and sometimes under ciroumstanceB which Beemed to lenve no room to 
doubt th« esistenee of one or more subdivisions in each ring. 

The most interesling discovery recently made in reference to the i-ings of Sa- 
turn, is that of a new ring, of an obscnre, ilaaky appearance, interior to the 
inner, principal one. This was observed at about the same time in November, 
I860, by Mr, Itond of Cambridge, United States, and hy Mr. Dawes of England. 
The breadth of the obscure ring is estimated to be 1".7, or two-liftJia of ^e in- 
terval between the surface of the planet and the inner, hiight ring. 
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be tlie lines in wliicli the plane of the rings intersects the plane 
of the ecliptic, in the positions of Saturn, to which they arc drawn. 
Then, it ia eYident that when Saturn is in either of the positions A 
and C, the plane of the rings must pass through the sun, and only 
the edge of the exterior ring is illuminated. In these positions, 
the longitudes of which are 170° and 350°, the rings, ia conse- 
quence of their being extremely thin, are invisible, except with a 
telescope of the very highest power. With such an instrument a 
fine line of light has been perceived, extending to some distance 
on each side of the planet. 

It is not only at the positions A and C, that the rings are inyisi- 
h!c. They usually disappear twice about each of these positions, 
remaining invisible some weeks at each disappearance. To under- 
stand this, suppose that, as Saturn approaches A, the earth is 
moving in the part e"ea of its orbit. There must then he a time 
at which the lino es, joining the earth and Saturn, will become 
parallel to CA. At this time, the plane of the rings must pass 
through the earth, and only the edge being towards it, they are 
invisible. After this, while the earth is moving from e to some po- 
sition a, and Saturn from g to A, the plane of the rings passes 
between the sun and earth, and the enlightened face is tarned from 
the earth. Hence, as, during this period, only the edge of the 
enlightened part of the rings is towards the earth, they remain 
invisible. When the planet has passed the position A, the sun 
and earth are both on the same side of the plane of the rings, the 
illuminated face is towards the earth, and the rings are again visi- 
ble. This continues to be the case till the earth and planet attain 
the positions e' and s', when the plane of the rings again passes 
through the earth, and the rings become invisible. They continue 
so till the earth and planet arrive at the positions e" and s", when 
the plane of the rings a third time passes through the earth. 
After this, the illuminated face is turned towards the earth and 
the rings are visible till the planet approaches the opposite position 
C, when two other disappearances usually take place.* 

The illuminated face of the rings must, obviously, be most 

» It is obvious tliat the order and durolJoiiB of tlio diHoppearances will be 
affected by the position of (lie earth when the plane of the rings first intersects 
the earth's orbit. 
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turned towards the earth when the planet is at or near the posi- 
tions B and D, midway between A and C ; and the rings must 
then appear most open. They have then nearly the appearance 
represented in Fig. 53. 

While Saturn is in the part ABC of hia orbit, that is, from 170"^ 
to 350° of longitude, the northern face of the rings is illuminated, 
and in the other part, the southern face. 

32i). Perioil of the disappearances of tlie rin</s. As the period 
of Saturn's revolution is about 29J years, nearly 15 years must 
elapse from the time he ia at A till he ia at C, or from C to A, 
and this must be nearly the peiiod from ono set of disappearances 
to the next. The two to whiuh the above illustration refers, took 
plaeo about the position A, in the latter part of 1832 and towards 
the middle of 183-3 ; the next oeeurred ia 1S47. 

330. Satum'i satellites. The eight satellites of Saturn revolve 
round him in periods varying from 1 day to 79 days, and at dis- 
tances varying from 3 to 64 radii of the planet. The eighth satel- 
lite is the most conspicuous ; that, and the sixth, may be discerned 
with telescopes of moderate power. The third, fourth, and fifth 
can only be seen with a telescope of much higher power ; and the 
first, second, and seventh only with a telescope of great power. 

The eighth satellite, like those of Jupiter, exhibits periodic defal- 
cations in its light, from observations of which it has been inferred, 
that it revolves on its axis in the same time that it makes a revolu- 
tion round the planet (323). 

The discovery of the sixth of these satellites was made by 
Hujgena, in 1655 ; that of the third, fourth, fifth, and eighth by 
Cassini between the years 1670 and 1685 ; that of the first and 
second by Sir William Herschel, in 1789 ; and that of the seventh 
by Mr. Bond of Cambridge, Mass., and Mr. Lasseli of Liverpool, 
'n 1848. Mr. Bond having seen it about 48 hours earlier than 
Mr. Lasseli. 

Some authors have distinguished the satellites of Saturn by 
reversing the order of the numbers above and calling the exterior 
one the first, &c. Sir John Ilersehel, in a work published in 1847, 
in alluding to the inconvenience arising from this uncertainty, says : 
" Should an eighth satellite exist, the confusion of the old nomeu- 
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clatnre will become quite intolerable," ancl proposes tlie following 
mythological names: let. Mimas; 2d. Enceladus; 3d. Tethys; 
4th. Dione ; 5th, Rhea ; 6th. Titan ; 8tli. lapetus. In accordance 
with this system, the seventh satellite recently discovered has been 
named Hyperion. 

URANUS AND HIS SATELLITES. 

331. Cfeneral remarks. Uranus was discovered by Sir Wil- 
liam Herachel in 1781, and was named by him the Georgium 
Sidus, in honour of his patron. King George III., which name, 
abbreviated to the Georgian, was retained in the Greenwich Nau- 
tical Almanac until the year 1851. By the French it was for a. 
time called Herschel and by others Uranus. It is now universally 
recognised by its mythological name. The distance of Uranus 
is so great that, though a. large planet, he is barely diacernable 
by the sharpest sight without the aid of a telescope. His apparent 
diameter, which varies but little, is about 4". 

332. Period, distance, ^c, of Uranus. Uranus revolves round 
the sun in about 84 years, at the distance of 1800 millions of miles. 
His diameter is about 35,000 miles, and his bulk about 80 times 
that of the earth. 

333. Satellites of Uranus. According to the observations of 
Sir William Herechel with his great telescope, Uranus is attended 
by six satellites, revolving with retrograde motions in circular orbits 
rtmT\y perpendicular to the plane of the ecliptic. These anomalies, 
in their motions and in the positions of their orbits, led some to 
doubt the correctness of the observations. But in 1833, Sir John 
Herschel confirmed his father's observations with regard to two 
of them ; and in 1847, Struve at Pulkova, and Lassell at Liver- 
pool, observed these two with a third several times. On one occa- 
sion, Mr. Laasell believed he saw still another. 



334. G-cneral remarks. Neptuno is, so far as is known, the 
remotest planet in the solar system. The distance of this planet 
is so great that, though nest to Saturn in size, it can never be seen 
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■with tbe naked eye, and through ordinary telescopes it has the 
appeariince of a small star. Its apparent diameter is about 3" 
and it is only through telescopes of high power that it presents a 
measurable disc. 

385. Period, distance, ^e., of Neptune. Neptune revolyes round 
the sun in about 164J years, at the ttiatance of 2860 millions of 
miles. Its diameter is not much less than 40,000 miles, and its 
volume about 100 times that of the earth. 

336. Satellite of Neptune. Neptune is attended by at least one 
Batellite, and analogy favours the presumption that there are seve- 
ral. This satellite was first seen on the 10th of October, 1846, by 
Mr. Lassell of Liverpool, and has since been observed many times 
by its discoverer and also by Mr. Bond of Carabridge. It revolves 
round its primary in 5 days and 21 hours at the distance of about 
230,000 miles. From the motions of the satellite, the mass of the 
planet has been deduced with considerable exactness. It is j^iaa 
part of the sun's. 

337. History of the Discovery of Neptune. Soon after the dis- 
covery of Uranus, by an examination of the catalogues of the fixed 
stare, it was found that the place of the planet had been recorded 
nineteen times, once as early as 1690, as that of a fixed star. In 
182t, M. Eouvard of Paris published tables for computing the 
place of this planet (279), founded on the observations made since 
1781, a period of about 40 years. In preparing these tables he 
discussed all the observations made during a period of 130 years ; 
and, finding it impossible to represent the observed motion of Ura- 
nus during all this period by one set of elements and the pertur- 
bations (279) produced by the known planets, he rejected those 
made prior to 1781, attributing the discrepancies to imperfections 
in the ancient observations, or to " some extraneous and unknown 
influence which has acted on the planet." Soon after the con- 
struction of these tables, however, the planet was found to be 
departing from the path assigned by them to an extent that could 
not be ascribed to errors of observation. 'Jhe difference between 
the observed and computed places amounted to nearly 1'.5 in 1840, 
by which time the belief in the existence of a trans-Uranian pla- 
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net had become general among astronomers, as there seemed to be 
no other way of accounting for the apparent anomaUes in the 
motion of Uranus. 

Mr. Adams of Cambridge, England, was the first to attempt tho 
discovery of this unknown body. lie communicated to Professor 
Airy in November, 1845, as the result of hia investigation, the 
mass and the elements of the orbit of the disturbing planet. These 
results were not made public until some months afterwards. I& 
the mean time, Mr, Le Verrier of Paris had undertaken a thorough 
investigation of this subject, and presented the results of hia 
labours to the Academy of Sciences in three papers. The last of 
these, announcing the mass and orbit of the required body, was 
read on the 31et of August, 1846. Le Vemer soon after wrote 
to Dr. Galle of Berlin, stating that the longitude of hia planet for 
the end of September was 325°, and requesting him to look for it. 
And on the evening of the 23d of September, 1846, the day on 
which the letter reached him, Dr. Galle found the planet in longi- 
tude 325° 53', or within leaa than a degree of the place assigned 
by Le Vemer, At the auggestion of Professor Airy, Professor 
Challis of Cambridge had commenced, on the 29th of July, a sys- 
tematic search for the planet, and had actualiy observed it twice 
prior to the 23d of September, as he ascertained by a subsequent 
reduction of his observations. 

The orbits predicted by Adams and Le Verrier agree remarkably 
well with each other, but differ widely from the true orbit which 
has been deduced from three years observations made since the 
discovery of Neptune, and two observationa made in 1'795 by La- 
lande, who mistook it for a fixed star. These two were discovered 
among some 50,000 observations of Lalande, by Mr. Walker, of 
Washington, who computed the elements given in Article 411. 

TOE AHTBROIDS. 

338, General remarks. On the first of January, 1801, the 
planet Ceres was discovered at Palermo, by Piazzi, one of an as- 
aociation of astronomers, engaged in searching for a planet between 
the orbits of Mars and Jupiter (289) ; and on the 28th of March, 
1802, Dr. Olbers, of Bremen, discovered the planet Pallas, which 
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■was found to have nearly the same mean distance from the sun as 
Ceves ; their orbits approach each other very closely at the inter- 
section of their planes, and both planets are extremely small. 
These facts led Dr. Olbers to conceive the idea, that they might he 
fragments of a largo planet, which formerly revolved round the 
Sim in nearly the same part of space, hut which had been destroyed 
by some internal convulsion, and that more of these fra.gmenta 
might he found. Within five years, two more small planets were 
discovered : Juno, by M. Harding, of Lilienthal, in 1804, and 
■ Vesta, by Dr. Olbers, in 1801. The search was continued several 
years longer, but with no further success, and was abandoned in 
1816, The discovery of another asteroid, Astrtea, by M. Henclce, 
of Driesen, on the 8th of December, 1845, stimulated a number 
of observers to renew the search for other fragments, and their 
labours have been rewarded by the discovery of twenty-seven aste- 
roids in a period of nine years ; Astr^ea and Hebe, by Heneke ; Iris, 
Flora, Clio, Irene, Melpomene, Fortuna, Calliope, Thalia, Euterpe, 
and one other, by Hind, of London ; Metis, by Graham, of Ireland ; 
Hygeia, Parthenopc, Egeria, Eunomia, Psyche and Tbemis, byDe 
Gasparis, of Naples ; Thetis, Proserpine and Bellona, hy Luther, 
of Bilk ; Massalia and Phocea, by Chacornac, of Paris ; Lutetia, 
by Goldschmidt, of Paris ; Amphitrite, by Marth, of London ; and 
one recently, by Ferguson, of Washington. 

These discoveries have been greatly facilitated hy the publica- 
tion of the Berlin charts, containing all the stars to the 8th or 
9th magnitude within 15° of the equator. When a star is noticed 
in the heavens, which is not on the chart, the observer, presuming 
it to be a planet, carefully notes its position relative to the sur- 
rounding stars ; if, after the lapse of an hour or two, he finds it 
has moved, his suspicion is confirmed. In this way most of these 
small planets have been discovered. They closely resemble small 
stars, even when viewed with good telescopes ; hence, they are 
called Asteroids. Owing to their extreme smallness, very little 
is known of their physical peculiarities. In Vesta and Pallas 
only have sensible discs been detected. The diameter of Vesta 
has been conjectured at about 270 miles. 

339. Periods and distances of the Asteroids. The following 
table contains the times of revolution in days, and the mean dis- 
tances in millions of miles, of the tiventy-nine asteroids whose 
orbits are known, 
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CHAPTER XVII. 

ON COMETS. 

Cfeneral remarks. Comets revolve about the sun, shine by 
5 his light, and are retained in their orbits by his attrac- 
tion. But, in almost every thing else, they differ widely from the 
planets. They are not confined to the zodiac or adjacent regions, 
but traverse all parts of the heavens, and in all directions ; the 
motions of some being direct, and others retrograde. They gene- 
rally move in elliptical orbits of great eccentricity, alternately ap- 
proaching comparatively near to the sun, and receding to immense 
distances ; and some of them, moring off into the boundless re- 
gions of space, never return. They continue visible only for a few 
weeks or months, and some only for a few days ; being only within 
the reach of observation while in those parts of their orbit that 
are adjacent to their perihelions. They are not solid bodies iilce 
the planets, but seem to consist mainly of masses of vaporous 
matter. 

Some comets have presented very splendid appearances; and 
others, though less brilliant, have still been conspicooua objects ; 
but, by far the most numerous class arc barely discernible by the 
naked eye, or can only be seen by the aid of the telescope. 

341. Appearance of a comet. A comet of the more conspicuous 
class, usually consists of a small, bright, central part or nucleus, 
enveloped to a considerable extent by an ill-defined nebulous mass 
of light, called the coma; the two together forming what is called 
the head of the comet. From tho head, a stream or streams of 
light shoot out in a direction opposite to the sun, growing broader 
and more diffused as the distance from the head increases. This 
is called the tail of the comet. 
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The tail sometimes attains an immense length. That of the 
comet of 1680, one of the most celebrated of modern times, ex- 
tended through an arc of more than 70°, or, according to some, 
more than 90° ; which would make the real length to be more 
than 100 millions of miles. And there arc records of others, in 
which the extent of this singular appendage was still greater. 

A tail is not, however, by any means an invariable appendage 
of a comet. In sortie of the brightest, no tail has been percepti- 
ble ; and in many it has been quite short. The smaller comets 
very frequently do not exhibit the least appearance of a tail. 
They appear only as round or somewhat oval masses of vaporous 
matter, increasing in density towards the centre ; but without any 
distinct nucleus, or any thing that would indicate a central, solid 
mass. Stars, even of small magnitude, have been seen through 
what appeared to be the densest portion of their substance. 

342, Small quantity of matter in a comet. Comets have been 
known to pass near to some of the planets and to have had their 
own motions much affected by the conaeqnent attractions, without 
producing any sensible influence on the motions of these bodies. 
In one instance a comet passed among the satellites of Jupiter 
and was thrown by the attraction of the planet entirely out of the 
orbit it had been describing, and forced into another, quite differ- 
ent in extent; yet, not the least perceptible derangement of the 
motions of the satellites was produced. It is hence concluded 
that the quantity of matter in a comet must be very small, 

343, (h-hit of a comet and its elements. Investigations, found- 
ed on the law of gravitation, prove, that a body revolving about 
the sun and not influenced by the attraction of any other body, 
must move either in a circle or in some one of the three curves 
called Conic Sections. Comets are found generally to move in 
elliptical orbits of extremely great eccentricity ; so great, that the 
part of the orbit described during the comet's visibility does not 
sensibly differ from a parabola. Some few have, however, been 
ascertained to have moved in hyperbolic orbits. These, after 
having passed their perihelions, must move off indefinitely, and 
cannot again return. 

The elements of a comet's orbit are, the ferihelion distance, the 
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hngitude of the perihelion, the longitude of the node, the inclina- 
tion of the orbit, and the time that the comet is at the perihelion. 
The deterromation of tliese elementa from observed geocentri<j 
places of a comet, ia a problem of much difficulty, and the requisite 
computations are laborious. Various methods of making them., 
have, however, been obtained, in some of which the labour is con- 
siderably lessened,* The eomputation is usually made, at least in 
the first place, on the assumption that the orbit is a parabola; 
which is equivalent to the assumption that it is an ellipse of great 
eccentricity. Three complete observed right ascensions and de- 
clinations of the comet, made at suitable intervals, with the times 
of observation, are sufficient; but a larger number is commonly 
employed in order that the results may be more independent of 
the unavoidable errors of observation. 

When the elements of the orbits of a number of comets have 
been computed and arranged, and if, on comparing them, the same 
or nearly the same set of elements is met with at intervals of the 
same length, or nearly so, the presumption is, that they appertain 
to the same comet returning at these times. If the intervals are 
long, a difference in them of a year or more, may be the result of 
perturbations in the comet's motion, produced by the attractions 
of the p 



344. Hallep » Comet In the early part of the last century, 
Halley, an eminent Enghsh astronomer, computed, from recorded 
observations, the elements of a number of comets. On comparing 
them, he found that the elements of a comet, which had appeared 
in 1680, and which he had himself observed, corresponded very 
nearly with those of two otheis, which had previously appeared at 
intervals, proceeding backwards, of about 75 and 76 years. This 
led him to suppose, that instead of three different comets, it might 
be the «ame comet, ■which hid appeared at these times. Making 



* Dr. BowdiiBh, in an appendii to the third volume of hia translation of I 
place's MSoaQique Cfilesta, has introttuoed He'SraJ of the beat methods in additi 
to that of tbe author, and haa added tables which facilitate the computations, 
more recent one by Airy, the present Astronomer Koyal of England, is given 
vol. XI. of the Memoirs of the Eojal Astron. Society. 
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further researches, he heeame satisfied of the correctness of the 
supposition he had made, and concluded that the variation in period 
must have hecn produced hy the attractions of the other heavenly 
bodies. Having, therefore, made a rough calculation of the eff^eet 
which the attraction of Jupiter would produce on the revolution 
the comet was then performing, ho ventured to predict its return 
in the latter part of 1758, or early part of 1759. Subsequently, 
Clairaut, an eminent French mathematician, calculated the effects 
of the attractions of both Jupiter and Saturn, and determined the 
time of the return to the perihelion, to bo in the middle of April, 
1759, It arrived there about a month prior to that time. In 
consequence of its return, nearly according to Halley'a prediction, 
it has received his name, 

"With more ample means for correct computations, furnished by 
the observations during its appearance in 1759, and by the im- 
provements in analysis, the recent return of Halley's comet in 
IBS'!, was much moie accurately predicted. It arrived at the 
peuhelion of its orbit, within less than two days of the time as- 
signed foi its letum, by Pont^coulant, a distinguished French as- 
tioncmei 

The least diutaiice of Halley's Comet from the sun is 56 mil- 
lions, and its greatest distance 3,350 millions of miles. The cc- 
centiicity of its oibit is 17 and its inclination to the ecliptic is 
17° 44' The motion of this Comet is retrograde. 

345. Enche'e Comet. The periodical character of this small 
comet, was discovered in 1819, by Profeasor Encke of Berlin, who 
identified the comet of that year with those that had been ob- 
served in 1786, 1795 and 1805, and which had been supposed to 
be different comets. lie found its period to be only about 1207 
days, or nearly 3J years; and he, predicted its return in 1822, 
which was verified by observation. Its subsequent returns have 
been predicted and observed. 

This comet is sometimes called Me comet of short period. Its 
perihelion distance is 31 millions, and its aphelion distance 890 mil- 
lions of miles. The eccentricity of its orbit is 0.854, and the in- 
clination to the plane of the ecliptic is 13° 22'. Its motion is 
direct. 
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346. Besisting Medium. The observations of the successive 
retm-ns of Encke's comet, show that its period is subject to a. 
small, but coEtinued diminution. It also appears, that this di- 
minution ia not produced by the actions of the planets. Encke, 
therefore assumes, that instead of a perfect vacuum in spaco^ 
there must exist an exceedingly rare medium, which, opposing no 
perceptible obstruction to the motions of dense bodies, sensibly 
resists the motion of a mere mass of vapour like that of the comet. 
The obvious effect of sucli a resistance would be a diminution of 
the comet's velocity, in consequence of wbich, it would move nearer 
the aun, and perform its revolution in less time.* 

347. Biela's Comet. This is a very small comet ivithout the 
least appearance of a nucleus. Captain Biela, of Josephstarit, 
discovered its periodic character on its appearance in 1825. 

M. Gambart of Marseilles also made the discovery, and the 
comet ia therefore frequently called Gamhart's. It perfoima its 
revolution in about 6| years, in an ellipse, whose eccentricity ia 
0.75 ; the least and greatest distances of the comet from the siin 
being 86 millions and 586 millions of miles. The inclination of 
its orbit is about 13°, and its motion is direct. 

At the return of this comet in 1832, whiclt was predicted with 
considerable precision, some alarm was created by the announce- 
ment that it would pass very near the earth's orbit. It did, on the 
29th of October, pass within a few thousand miles of a point at 
which the earth arrived about one month later. Owing to ita 
proximity to a conjunction with the sun, during this perihelion 
passage, it was only visible through powerful telescopes. And, in 

» Enoka infers, from the observations made on the comet, that the resistanee, is 
only sensible in a portion of space round the sun, not eitending beyond the orbit 
of Venaa. He thus aoconnts for the fa«t, that the motions of Hallej's comet, 
and another periodical one, noticed in the nest article, have not indicated any ce 
siatanoe ; for, but a, very small part of the orbit of the former, and none of tint 
of the latter, are within that distance of the sua. 

The poeitiona of Encke's comet at its returns ia 1842 and 1848, as observed on 
eeveral evenings, by the editor, at the observatory of the Central High School 
in Philndeipbia, were found to be wilhin 30" of space of its positions aa giieii 
in Eiiclie's Ephemeria, previously computed. This affords a striking evidence 
of the accuracy of the investigations and oompntations of its orbit and motion. 
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1839 it could not lie observed at all. But, its last return was un- 
der more favourable circumstatices, and it was observed from the 
26th of November, 1S45, until the 22d of April, 1846. On this 
occasion it presented the singula!' phenomenon of a double comet, 
or, two distinct comet? moving through space, side bj side. At 
first one was extremely small as compared with the other, but the 
smaller gradually increased, ao that on the 13th of Jannaiy the 
vatio of their magnitudes 'was as 1 to 8, and by the middle of Feb- 
ruary they were nearly equal in size ; after which the variable 
comet began to diminish, and in about a month disappeared ; while 
the other continued visible several weeks longer as a single comet. 
The comet returned again in 1852, but under such unfavorable 
circumstances, as precluded the possibility of extended observa- 
tions. Both nuclei were, however, observed by several persons in 
August and September. Fluctuations of relative brightness were 
noticed, similar to those of 1846, hut mnoh greater ; so great, in- 
<leed, that for several days the two comets were alternately visible, 
— one nucleus being observed one day, and the other the next. 
Professor Hubbard, after a thorough discussion of all the obser- 
vations made on this mysterious objecf in 1846 and 1852, found 
that the distance of the two nuclei apart, during their visibility in 
1846, was about 200,000 miles, with hut little variation from the 
20th of January, to the 5th of March ; after which, they sensibly 
approached each other until one disappeared, when their distance 
was 170,000 miles; whilst in 1852, they were nearly 1,800,000 
Iniles apart. Professor Hubbard was unable to decide with cer- 
tainty which of the nuclei of 1852 was identical with the principal 
one of 1846, but concluded, with a high degree of probability, that 
their relative apparent direction was reversed. By tracing the 
orbits back, he found that the separation probably occurred about 
500 days before the perihelion passage of 1846.* 

348. Faye's Oomet. In 1843, M. Faye of the Paris Observa- 
tory discovered a comet and determined its orbit to be an ellipse 
with the surprisingly small eccentricity of 0.55. He found the 
period to be about 7 years. This comet is remarkable as having 
an orbit more closely resembling those of the planets in form than 
triiy other cometavy orbit thus far known. 

■* The Imperial Acadamy of Scienoos of St. Peterabnrg has offered a priic of 
3ilO duoata for the bast essay on the orbit of thia remarkable comet, and the rela- 
tion wliich the' two parts bear to esich otber. 
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349. J)e Yioo's Oomet. This comet was discovered in 1844 by 
Sr. De Vieo, Director of the Observatory at Home. Its orbit 
■was found to be an eOipae, with an eccentricity of 0.62, whose 
plane almost coincides with the ecliptic. Its period of revolution 
w^ computed to be about 5^ years. Le Verrier pronounced this 
comet probably identical with one which appeared in 1678. 

350. LexeU's Oomet. In the year 1770, a remarkable comet ap- 
peared, moving in an ellipse with the short period of 5^ years. 
By tracing back its motion, it was found that, early in 1767, it 
was very near to Jupiter, and that previous to that time it had 
been moving in an orbit requiring 50 years for a revolution. This 
change in its orbit was produced by the action of Jupiter. Again, 
in 1779 the comet passed so near to Jupiter that his attraction for 
it was 200 times greater than the Sun's, in consequence of which, 
its orbit was changed into one of long period. Some suppose that 
this comet and Faye's are identical. 

351. The Great Oomet of 1843. Of all the comets of recent 
years, no other has excited so much astonishment as did the one 
known as the Great Comet of 1843. It was first seen in many 
parts of the world on the 28th of February, in the day time, as a 
brilliant body quite near the Sun. Its distance from the nearest 
limb of the Sun, as measured with a sextant at 8 o'clock P. M. 
was 3° 36'. Soon after this it became i-isible after sun set as a 
very conspicuous object in the southwest. The apparent length 
of its tail varied from 50° to 70°, and the greatest real length was 
about 110 millions of miles. It continued visible to the naked 
eye but a short time, and the last telescopic observation of it was 
made on the 10th of April, at the Philadelphia High School Ob- 
servatory. This comet passed its perihelion on the afternoon of 
the 27th of February, at which time it almost grazed the Sun's 
disc, being only 530,000 miles from his centre. According to the 
computations of Sir John Herschel, the heat it received when it 
was nearest the Sun must have been 47,000 times that received 
by the earth from a vertical sun. This will account for the in- 
tense brilliancy of this comet on the 28th of February. 

The probable identity of this comet with that of 1668 is gene- 
rally admitted by astronomers. 
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CHAPTER XVm. 

CLASSIFICATION OP THE TIXED STAKS. — CLUSTERS AN1> NEBULJE, — 
VARUELG AND TEHPOaAHY STARS.— DOUBLE STARS. — RINARY 
SYSTEMS. — PROPER MOTIONS Off SOME STARS AND MOTION Ol" 

THE SOLAR SYSTEM. ANNUAL PARALLAX AMD DISTANCE OF 

THE STARS. — CATALOGUES OF THE STARS. 

352. Olassifieation of the stars. The stars are dividec! into 
classes, accovding to their apparent magnitudes or brightness. 
Tl e mo t c p cuous sti s fo n tl e first class, and are called stars 

f the -a Bt agn t <l thoae th are markedly less bright, form 
the seco d las nd a e cilled stars of the second magnitude; 
an 1 tins on d wn to t% i &} out t\iB sixteenth magnitude, •which 
are the smallest thit a e d at nctly visible with the most powerful 
tele ope The sta s that a e s hie to the naked eye, are in- 
cl de 1 n the fi at s ^ or se en mignitudes ; principally, however, 

n the fi St a X 

Tl e m gn t ies T e lenote 1 by the numbers 1, 2, 3, &c. A 
eta th t s rega led a nte n e 1 ate in brightness between those 
of tw consG ut e lasses, so to render it douhtful in which it 
would be more appropriately placed, is frequently distinguished by 
two numbers with a point between them. Thus, 1.2 denotes a star 
intermediate between those of the first and second magnitudes. 

353. dumber of stars in some of the classes. The distribution 
of the stars into magnitudes, is arbitrary, and it has not been made 
on any definite principles. There is, therefore, some diversity in 
the distribution ; different astronomers having differed in the mag- 
nitude they have attached to the same star.* On the whole, 

*Alao, from want of care in forming tlio conatenatioiis (121), some of tliem 
have been made more or less to overlap one another, so that the same star or stars 
are frequently included in two different oonst«llation8. The incoDvenienoe result- 
ing from tiesa caaeos, haa claimed the ntteniion of the British Association, a 
Boientifio body, that meets annnally in Great Britain ; and it is probable that, ere 
long, we shall have a reTision of the nomonclature of the stars, and of their 
ditiaion Into consteltation. 
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howeyer, the first magnitude may be regarcled as restricted to 18 
or 20 principal stars ; the second, to 50 or 60 next inferior ; the 
third, to about 200 yet smaller ; and thus on, tho number in each 
claas increasing rapidly as we descend in tho scale of brightness. 
The number of stars in the first seven magnitudes, amounts, all 
together, to nearly 20,000. The whole number of stars visible 
with the best telescopes is not known ; but it must amount to several 
millions. 

The number of stars distinctly visible to the naked eye, is less 
than is generally supposed by those who only judge from the im- 
pression made, when viewing them on a fine evening, 'i'he number 
thus visible, at the same time above the horizon, does not greatly 
exceed a thousand. All the stars visible to the naked eye, with 
some others, are represented on celestial globes of 12 or 18 inches 
in diameter.* 

* Studenta of astronomy who can hiiTe the use of a celestial globe, or oeiestial 
atlas, onghttomake themselves familiar with theprinoipal stars and oonstellalions. 
Toi-ecit^ the globa for this purpose, let the frame which supports it, be placed bj- 
estimation, or bj Xbe compass which is sometimes attached, so that the north and 
south points marked on its upper surface, called the horizon of the globe, maj 
correspond to the north and south points of the horiiou or nearly so. Then, let 
the brass ring in which the globe is Buspended, called the meridian of the globe, 
be slid in its support, till tJie north pole of the globa, which, is that situated in the 
coustellation of Vrta Mmor, is elevated above the northern, point of the horizon by 
an aro eqaal to the ladtnde of the pluce. 

Find the day of tie month on the horizon, and ilie corresponding point in the 
contigaous graduated circle will be the sun's place in the ecliptic. Find tliis place 
in the ecliptic marked on the globe, and biing it to the graduated side of the me- 
Hdian. Keeping the globe in ibis position, set tho index placed at the coHhpoIe. 
to 12 on the hour circle aionnd the pole ; or if tlie globe has a moveable brass 
hour circle instead of an index, bring 12 on this hour circle to the graduated side 
of the meridian. Then turn the globe ivestwardlj till the index poinia to the hour 
at which the globe is to bo used; or nhen there is no index, till the hour on the 
brass hour circle comes to the graduated side of the meridian. The positions of 
the stars represented on the globe, will then correspond to their positions in the 
heavens; bo that if a straight line beooaceived to be drawn from the centre of the 
globe through the places of the stars marked on its surface, they will point to the 
stars themselves 

Kendall s TJranography and AtlM, Revised Edition of 1854, is a work adapted 
to give the aBtrnn(m:i,jl student a aatiafactory kuowledgo of the sidereal iiea- 
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354. Melative liglit of stars of the different magnitudeB. Accord- 
ing to the present classification of the stars, the light of an average 
star of the second magnitude, is about one fourth that of an 
average star of the first magnitude. For the other magnitudes, 
[ho light of a star of one magnitude is regarded as about Aulf that 
of a star of the next higher magnitude. There is, however, con- 
siderable variety in the brightness of stars, that are classed as of 
the same magnitude ; especially those of the first magnitude. The 
light of Sirius, the brightest star in the heavens, is regarded as 
being from 15 to 20 times as great as some of the stars of the first 
magnitude ; and more than 300 times as great as an average star 
i)f the sixth magnitude. 

355. Distribution of the stars. The stars appear to be very 
unequally distributed over the heavens. This is observable by the 
naked eye, and becomes still more apparent by means of the tele- 
scope. There are various spaces which are faintly luminous, 
shining with a pale white light. Many of these, on applying tele- 
scopes of sufficient power, are found to consist of multitudes of 
small stars, distinctly separate, but very near to one another. 
These are called Nebulie. The well known space called the milky- 
way, is of this kind ; and there are some others visible to the naked 
eye. In some of the nebulae or clusters, the number of stars 
crowded into a small space, is immensely great. According to the 
Sstimation of Sir J. Herschel, there are some which contain more 
than ten thousand stars in a space that would be covered by a tenth 
part of the moon's disc. Again, there are many spaces, some of 
■ionsiderable extent, in which but few stars are seen, even with the 
best telescopes. 

356. Clusters of stars and nehulx. The beautiful cluster of 
stars called the Pleiades, in which six or seven are readily discerni- 
ble by the naked eye, exhibits within the small space they occupy, 
fifty or sixty conspicuous stars, when viewed with a telescope of 
moderate power. The constellation called Coma Bereniees, is 
another group more diffused, and composed of larger stars. 

In the constellation Oancer, there is a luminous spot or nebula 
called Prcesepe, or the bee-hive, which a telescope of moderate 
power resolves entirely into stars. In Perseus, is another spot 
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crowiied with stars, which become separately visible with a good 



Most of the ncbulte, however, require a very powerful telescope 
to resolve them into stars ; and there are many which have never 
been thus resolved, they being, it is probable, differently constituted. 
A prominent one of this class is situated near the star f in An- 
dromedas. It is visible to the naked eye, and has, from its appear- 
ance, often been mistaken for a comet. It should be remarked that 
many of the most prominent objects hitherto regarded as belonging 
to the class of irresolvable nebulas, have recently, by the aid of 
the gigantic telescope of Lord Rosse, been resolved into stars. 

357. Variable stars. Some stars undergo periodical changes in 
their brightness, and are, therefore, called variable stars. One of 
the moat remarkable of this class of stars, is Mira, or o Oeti, which 
was discovered to be variable in the latter part of the 16th centu- 
ry. When brightest, it is of the second magnitude, and continues 
to exhibit nearly the same appearance for about three weeks. It 
then decreases, and in about two months ceases to be visible to the 
naked eye. After remaining thus invisible for six or seven months, 
it again appears, and in the course of sis or seven weeks, is re- 
stored to its former brightness or nearly so. These periods, and 
also the greatest brightness of the star, arc, however, subject to 
some variations. The average period of all the changes is about 
11 months or, more exactly, 332 days. At the times of the least 
light of the star, it is frequently invisible, even with good telescopes. 

Another very remarkable variable star is Algol, or jJ Pereet, 
which was discovered to be such, in the latter part of the last cen- 
tury. It is usually of the second magnitude ; but, after having 
continued so, during a period of about 60 or 61 hours, it suddenly 
decreases, and is reduced in about 4 hours to the fourth magni- 
tude. Continuing thus, about a quarter of an hour, it then in- 
creases, and in about 4 hours more, it regains its usual magnitude, 
The period of these changes is 2d. 20 h. 48m. 58.5sec.* 

* Aoeoriling to the obBervafion of Professor ArgelnniJer, a Gsnaiui Astronomer, 
given in the Astr. Naoh., Nos. 416 and 417, the star 4 Cet! hod its greatest bright- 
DBBS in (he year 1840, about the Sd of October ; and Hie atnr ^ Persei, on the 22d 
of December in that year, had its leaet brightness at fl b. 60J min., mean time at 
Greenwich. With these epochs and the periods given abote, the times of tiie 

a2 21 
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There are more than twenty other stars known to he variahlo to 
a greater or less extent; some of which have hut recently heen 
discovered to he so. The periods of tlie changes vary from a few 
days to more than a year. 

358. Temporary Stars. Several instances are recorded of stars 
suddenly appearing, some of thorn of great splendour, where none 
had hefore been observed ; and there are several stars noted in 
some of the ancient catalogues, that cannot now be found. One 
of the moat noted of these temporary stars broke forth with great 
brilliancy on the 11th of November, 1572, in the constellation 
Oassiopeia, and was attentively observed by Tycho Brahe, the 
celebrated Danish astronomer. It was then as bright as Sirius, 
and increased in splendour so as to become distinctly visible at mid- 
day. It began to diminish in December of the same year, and in 
March 1574, it entirely disappeared. 

In the years 945 and 1261, a brilliant star appeared in (he same 
region of the heavens with that of 1572. Some have thought it 
must have been the same star that appeared in each of these years, 
and that it was, therefore, a variable star with a period a little 
over 300 years. 

On the 27th of April, 1848, Mr. Hind of London, discovered a 
new star of the sixth magnitude, in the Serpent Bearer, which in- 
creased in brightness for a few days, then began to wane, and 
disappeared in less than two years. On the 5th of April, Mr. Hind 
had examined that part of the heavens with care, and was certain 
that at that time no star as bright as the ninth magnitude existed, 
where this one of the sixth was fonnd three weeks later. 

359. Double Stars. Many stars which when viewed with the 
naked eye or with telescopes of small power appear single, are by 
means of those of larger power resolved into two, three, or more 
atars distinctly separate but very near to one another. These are 
called double or multiple stars. Some of these are resolvable into 
eeparate stars by a telescope of moderate power, as Castor in the 
twins, which consists of two stars nearly equal, both being between 

greatest light of the former star and least light of the liil.ter, may be approsi- 
laatelj determined for a few subBequent years. 
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the thirii and fourth magnitudes, at the distance of 5" from each 
other. Many of them, however, require for their separation, a 
telescope of the superior class, and serve as good objects to test its 
perfection. 

The individual stars forming a doable star, are mostly very un- 
equal in magnitude ; and many of them exhibit the curious phe- 
nomenon of contrasted or cmnplementary colonrs, that is colours 
■which if combined would form white light. In such instances, the 
larger star is usually of a ruddy or orange hue, and the smaller is 
blue or green.* In tho beautiful double stars a Herculis, and 
y Andromedje, which may he separated hy a telescope of moderate 
power, this contrast is finely exhibited, 

860. Binary stars or systems. Sir W. Ilerschel was the first 
that gave much attention to the subject of double or multiple stars. 
He observed a large number, and noted the distances by which the 
individual stars were separated, and their relative positions. Con- 
tinning and repeating his observations, he found that the distance 
and relative positions of these component stars were subject to slow 
but progressive changes. After having had his attention, fre- 
quently, thus directed for more than twenty years, he at length 
ascertained and announced the striking and interesting fact, that 
several, at least, of the double stars formed systems, in which one 
of the individuals revolved round the other, or rather, both round 
their common centre of gravity. These have received the appella- 
tion of hinary stars or binary systems, to distinguish them from 
the other double stars whose apparent proximity probably proceeds 
from one being situated nearly behind the other, without their 
having any physical connection. 

There are fifty or more of tho double stars which are now known 
to form binary systems ; a few of the more prominent of these are. 
Castor, or a Geminoriim, y Virginis, g Urase, a and ? Herculis, o 
and 17 OoronEe, ^ Cancri, and 61 Cygni. 



* This probably depends on the well kaoTfn optical fact, (liat wlien tliB retina 
of the eje is excited by any bright colour, a feeble light, nhieh if seen by itself, 
might appaar whitfl, is affeoted with a tint oomplemenlary to that of the atrocgar 
Ught. 
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361. Periods of some of the bmartj stars. During the last 
twenty years, the interesting subject of double stars has claimed 
great attention, and they have been extensively observed, par- 
ticularly by Sir J, South and Sir J. Hevschel in England, and 
by Professors Struve and Madler in Russia.* The observations 
on many of them completely establish a physical connection be- 
tween the individuals of which they are composed. These are 
found to revolve about each other in elliptical orbits and to con- 
form in their motions to tite same dynamical laws that govern 
the motions of the planets round the sun. 

The periods of several of the double stars have been computed, 
and appear to vary from about 40 to more than 1000 years. 
These computations are, however, to be regarded only as approxi- 
mations ; the more accurate observations not yet having been con- 
tinued sufficiently long to give, with much accuracy, the lengths 
of the periods. According to Prof. Maedler, who has made some 
of the most recent computations, the period of Castor is about 
230 years; y Virginis 158; i; Cancri 60 years; and f Hcrculia 
86 years, f 

362. Proper motions of some of the stars. A number of the 
stars, both single and binary, are found slowly to change their 
local situations in the heavens, having progressive apparent motions 
called their proper motions, varying in different stars from a smalt 
fraction of a second to 4" or 5" a year. From the directions and 
amounts of these motions, Sir W. Herschel drew the conclusion 
that they were only apparent motions, and were produced by a 
real motion of the Solar System towards a point of the heavens 
situated in the constellation Hercules. 

This conclusion has recently been confirmed by Prof. Arge- 
lander.J He finds the point towards which the motion of our 
system is directed, to be that which, in 1800, had 260° right ascen- 
sion and 32^° north declination. 



* Prof. StruTe made most of hia obserTationa at Dorpal | he ia now Director of 
tbe Imperlfti Obsecralory at Pulkowa, near St. Petersburg. Prof. Maedler is his 

f Aetron. NicliricliteD. Nob. 817, 8G3, and 427. 
i Astr. Naoii. Nos, 863 and 8G4, 
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Independent deteiTiinatioas of this point have also been made 
by Struve, Luhndalil and Galloway, all obtaining nearly the 
same result. According to the calculations of Struve, the velocity 
with which the Solar System is moving, is about half as great as 
that of the earth in its orbit. 

363. Annual parallax of the stars. The annual parallax of 
a star is the angle contained between two straight lines, con- 
ceived to be drawn from the star, one to the sun, and the other 
to the earth, when the earth is in such a part of its orbit that its 
radius vector is perpendicular to the latter line ; or, in other words, 
it is the greatest angle at the star, that can be subtended by the 
semidiameter of the earth's orbit. 

For each star, however situated, there must, it is evident, be 
some two opposite points of the earth's orbit, for each of which, 
the radius vector will be perpendicular to the right line joining 
the star and bun. The positions of the stars as seen from the 
earth, when at these points, must, therefore, differ by twice the 
annual parallax of the star. Hence, as the parallax must affect 
the right ascension and declination of the star, if these be observed 
when the earth is near these points, or in other favourable situa- 
tions in its orbit, the parallax of the star may be determined, 
unless it is so small as to be within the limits of the probable 
errors of observation and the necessary corrections. Numerous 
observations, by several eminent astronomers, have been made for 
this purpose on some stars, which, from their apparent size and 
brightness, were supposed to be at a less distance than the gene- 
rality of the stars. The results of these observations have been, 
that the parallax in each caae was too small to be obtained with 
certainty by this method. 

The apparent largeness or brightness of a star, is not, however, 
necessarily the most certain indication of its comparative proximity 
to the earth. A considerable proper motion produced by the 
motion of the Solar System (362), and, in case of a binary star, 
large apparent orbits, are probably stronger indications. Professor 
Bessel of Kiinigsberg, therefore, made two entirely distinct series 
of observations on the binary star 61 Cygni, which has a large 
proper motion, amounting to 5" a year, and the components of 
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which are about 16" distant from each other. Instead of observ- 
ing right ascensions and declinations, he measured with an ex- 
cellent heliometer the distances from two contiguous, small, sta- 
tionary stars, and thereby avoided the email errors to which the 
Rorrections for refraction, aberration and nutation are liable. The 
first series of observations gave, for the annual parallax of 61 
Cygni, 0".8136; and the second gave 0".3483, differing only 
about a',, of a second from the former. 

The parallaxes of several other stars have since been determined, 
but that of 61 Cygni is considered by far the most reliable. The 
results will be found in the foilowing table, of which the third 
column contains the distance from the sun in millions of millions 
of miles ; and the fourth, the time the light occupies in passing 
from the star to the earth. 



u. Ceutauri 


0."913 


21 


3.54 yrs 


1. Henderson. 


el Cygni 


0."348 


66 


9.28 " 


Beasel. 


aLjrjB 


0."291 


73 


12.88 " 


Strure. 


Sirius 


0."230 


85 


14.04 ■' 


Henderaon. 


1830 Groombridge 


0."148 


132 


21,80 " 


Peters. 


(UrssaMaj, 


o/aaa 


147 


24.30 " 


Do. 


Aroturns 


0.":27 


151 


25.43 " 


Do. 


PoUris 


0."067 


293 


48.20 " 


Do. 


Cttpella 


0."046 


426 


70.00 " 


Do. 



364, Distances of the stars. When the annual parallax of a 
star has been determined, its distance becomes at once known ; it 
being, in terms of the earth's distance from the sun, equal to the 
quotient of 206264".8 (App. 51), divided by the annual parallax. 
Thus, tating 0".3483 for the annual parallax of 61 Cygni, its dis- 
tance is found to be about 592,000 times the distance of the earth 
from the sun. This is a distance so immense, that light, which 
moves with the amazing velocity of 192,000 miles in a second, would 
require more than nine years to come from the star to the earth. 
Yet, inconceivably great as this distance is, there are observable 
stars, whose distances are probably more than a hundred times as 
great, and the light of which would require more than a thousand 
years to traverse the space which separates them from the earth. 

365. Catalogues of stars. Some of the most noted catalogues 
are, Bode's Catalogue and Atlas, containing the positions of 17,000 
stars ; Professor Bessel's Catalogue of 3222 stars, deduced froin 
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observations made by Bradley, at tbe Royal Observatory, Greeii- 
Tvieb ; Piazzi's Catalogue of T646 stars ; and the Catalogue pub- 
Ibhed by the Astronomical Society in their Memoirs, containing 
2861 stars. In this last Catalogue, the mean right ascensions and 
declinations are given for the 1st of January, 1830 ; and they 
contain for each star, certain constant logarithms, by means of 
which, with other logarithms depending on the positions of the sun, 
moon and moon's node, given in the Nautical Almanac for each 
day in the year, the true apparent place of any of these stars, may 
be found, for a given time, with great facility. 

Under the direction of the British Association, the Catalogue 
of the Astronomical Society has been revised and extended, so as 
to include 8377 stars, with the mean places reduced to the year 
1850. 



CHAPTER XIX. 

DIFFERENT METHODS OS FINDING THE LONGITUDE OE A PLACE. 

366. G-eneral remarks. The determination of the difference 
of longitude between two places, consists in finding the difference 
between the times reckoned at these places at the same instant of 
absolute time (63). When this has been done, if the longitude of 
one of the places is known, that of the other becomes also known. 
The method of finding the longitude of a place by means of a chro- 
nometer, has already been given (65). It is very simple, and is 
extensively used at sea. But as a chronometer is liable to change 
its rate of going during the voyage, especially if it is a long one, 
it is not safe to depend on this method alone. 

367. Lunar method of finding the longitude. The lunar me- 
thod is that by which the longitude of a place is found, from the 
measured angular distance of the moon from the sun, a star, or 
planet, situated nearly to the east or west of her place, at the time 
of observation. As the moon's motion is about half a degree an 
hour, she must change her angular distance from a body thus 
situated, at that rate, or nearly so. Hence, if the moon's ti-ue 
angular distance from the body at any instant, and also the time, 
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be obtained from observations at any place, and the time at tlie first 
meridian, when the moon has this true angular distance from the 
body, be found, the longitude becomes known. The Sun, Venus, 
Mars, Jupiter, Saturn, and nine stara aituated contiguous to the 
moon's path, have been selected for observations of this kind. In 
the Nautical Almanac, the moon's computed true angular distances 
from several of these bodies, are given for each three hours, Green- 
■wieh time, of every diy m the year ; and also proportional loga- 
rithms, by which the distancp for any intermecliate time, or the 
time correapoading ti> dii mteimediate distance, may easily be ob- 
tained. 

To apply this method, the distance of the enlightened limb of the 
moon, from the nearest limb of the eun, or, from one of the other 
bodies given in the Nautical Almanac, for the day, is measnred 
with a sextant, and the time of observation noted. The altitudes 
of the moon and other bodies, at that time, are also observed with 
a quadrant or sextant by two assistants.* From these observations, 
the true distance of the moon's centre from that of the body, cor- 
rected for refraction, parallax and semidiamctcr, may be deduced, 
by methods given in treatises on Navigation.f When tho true 
distance has been obtained, and then the time at Greenwich, cor- 
responding 'to this distance, the difference between this time, and 
the time of observation, will bo the longitude of tho place ; which 
will be east or west according as the Greenwich time is earlier or 
later than the time of observation. 

This method of finding the longitude, is of great importance to 
the mariner, as all others, with the exception of that by the chro- 
nometer, require observations that cannot be made at sea. 

368. Longitude hy moon culminating stars. Certain stars situ- 
ated contiguous to the moon's path and passing the meridian at 
short intervals before or after the moon, are called moon culminat- 
ing stars. The moon's right ascension increases on an average a 

* The obsei-vaUonS may be made by one person, by firat taking the altitudes, 
then tlie distanoe, and afterwards the altitudBs again. From the two sets of alti- 
tudes, their values at the tima of taking the distance may be obtained with suffi- 
cient neouraey. 

■j- Dr. Bowditch's NaTigation oontMns several of the best methods. 
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little more than half a degree, or two minutes in time during a 
sidereal hour, that is, during the interval that elapses from the 
time a star is on the meridian of any place till it is on the raeri- 
dian of a place whose longitude is 15" or one hour west of the for- 
mer. Hence, the intervals between the passages of the moon and 
a star over the meridians of two places differing an hour in longi- 
tude must differ ahont two minutes ; and for other differences of 
longitude there must be a proportional difference in the intervals. 
It follows that, if the intervals between the passages of the moon 
and a star over the meridians of two places he accurately obtained 
by observations, the differences of their longitudes may be easily 
found by means of the moon's hourly variation in right ascension 
at the period of observation. 

The Nautical Almanac contains a table in which are given for 
each day in the year, except a few near the times of new moon, 
the apparent right recensions of several of the moon culminating 
stars, the apparent right ascension of the moon's enlightened limb 
at the instant it is on the meridian of Greenwich, and the hourly 
variation in the right ascension of the limb at that time. The dif- 
ference between the right ascension of the star and the enlightened 
limb of the moon, is the interval between the passages of these over 
the meridian of Greenwich. From the computed interval for 
Greenwich, and the observed interval at any other place, the lon- 
gitude of the latter may be obtained, but not with as much preci- 
sion as from two observed intervals. 

369. Daterminatinn of the longitude of a i'lae<' from fihst-rva- 
tioiiB of an Eclipse of the Suti, or of an Oceiiltation. The times 
of the beginning and end of an eclipse of the sun, or of an occul- 
tation of a star or planet, at any place, depend on the position of 
the place. Assuming the computed places of the bodies to bo ac- 
curate, we may, from the carefully observed time of beginning or 
end of an eclipse or occultation at any place whose latitude is 
known, determine the corresponding time at the first meridian, and, 
consequently, the longitude of the pUce. If the phenomenon i'^ 
also visible and the times of beginning and end are observed at 
places whose positions are accurately known, the determination of 
longitude by this means may be rendered nearly free from any 
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errors in the tabular places of the bodies. The investigations of 
formulffi for making the requisite computations will be given in the 
appendix. 

370. Longitude hy the Eclipses of Jupiter's Satellites. This 
method of finding the longitude of places has heen already noticed 
(321). Although it is not so accurate as several others, its great 
simplicity, and the frequency of the occurrence of these pheno- 
mena, render it very convenient for approximate determinations of 
the longitude. 

3Y1. Determmation of longitude hy means of the Electric Te- 
legraph. The Electric Telegraph affords the most direct and by 
far the best means of determining the difference of longitude be- 
tween two places connected by it. This method has been exten- 
sively employed by Professor Eache, Superintendent of the Coast 
Survey, and with great success. The differences of longitude be- 
tween Biiiton, New York, Philadelphia, Washington, and several 
other important points, have heen determined with an unprecedent- 
ed degree of precbion. In the progress of these experiments the 
process has attained a high degree of perfection, and now consists 
in having an Astronomical Clock so connected with the Telegraph 
apparatus that each vibration of its pendulum either closes or 
bieaks the galvanic circuit, so that the beats of the clock are 
transmitted through the entire line of telegraph. The heats of 
the clock are, moreover, recorded by the Register, on the fillet of 
paper, by dots at equal intervals ; the space between two consecu- 
tive dots corresponding with a second of time. The date of any 
event may then be recorded hy simply touching a key, in obedience 
to which the register makes a dot upon the graduated fillet of 
paper. The position of this dot between two of the seconds dots 
determines the fraction of a second with much greater accuracy 
than can he obtained in any other way. Provided with such an 
apparatus, the observer at the most eastern station records the 
time of the culmination of a certain star, by striking his telegraph 
key as it passes successively over each wire of his transit instru- 
ment. When the same star arrives at the meridian of the western 
station, the observer there goes through the same operation. 
Thus, the times, by the same clock, of the transits of the star over 
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the two meridians, are recorded upon tlic same paper. The differ- 
ence between these times, after allowing for the rate of tho clock, 
■will evidently ho tho difference of longitude. This result will ho 
independent of every important source of error except that of the 
imperfect adjustment of the transit instruments, the effects of 
which may he completely eliminated by a combination of several 
observations made with the instruments in different positions. 



CHAPTER XX. 



OV THE TIDES, 



372, Definitions. The alternate rise and fall which take place 
in the surface of the ocean, seas, bays and contiguous rivers, twice 
in the course of each lunar day, or of 24b. 51m. mean solar time, 
are called the Tides. When the water is rising it is said to be 
flood tide, and when it is falling, ehh tide. When the water is at 
its greatest height it is said to be high water, and when at its least 
height, low water. 

The swell in the waters of the ocean is called the tide wave, or, 
sometimes, the primitive tide wave ; and that in a contiguous bay 
or river, proceeding from the fonner, is called a derivative tidij 
wave. A curve line along the summit of the tide wave, or through 
different points or places that have high water at the same inatalit 
ef time, is called a cotidal line. 

373. Causes of the tides. The earth in its revolution round tho 
Bun is continually drawn, by the attraction of the moon, slightly 
aside from the place at which it would he, if this attraction did not 
exist. If the earth was entirely solid, all parts of it would neces 
sarily be drawn aside to the same extent. But as the moon's at- 
traction decreases in the same ratio that the sijuare of the distance 
increases, and as a large portion of the external part of the eav.tl]. 
is composed of water, which can yield to forces unco|ually impressed 
on it, it is evident that all parts will not he drawn i aside equally. 
The portion of water nearest the moon, being most attracted, 
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■will be drawn farther than the central and solid pai-ts f tl a th 
and the central part farther than the opposite wat y f 
Hence, the distance of the surface of the ivater fron t! t 

of the earth must be increased, that is, there must be 1 I w t 
I)Oth on the side of the earth nearest the moon and aL th p 
posite side. But a swell in the waters of some poit f tl 

earth caoiiot take place without a corresponding dp n n 

Other portions. This depression, it is obi-ious, must h g at t n 
the vicinity of the great circle midway between the portions of the 
earth nearest the moon and most remote from her, and it must 
there he low water. 

The sun's action must also produce similar efiects. But al- 
though his whole attraction on the earth is far greater than the 
moon's, yet, as his distance is nearly 400 times that of the moon, 
the inequality of his attraction at the surface and centre is leas ; 
and consequently, hia influence in producing a tide is also less. 
The height of the solar tide is only about one third of that of the 
lunar tide. 

In the open ocean, the average rise and fall of the tides, or 
height of high water above low water, is about 2| feet. 

374. Spring and Neap Tides. At the time of new moon, the 
attractions of the sun and moon are nearly in the same direction, 
and their actions are, therefore, united in producing the tides. 
They are also united at the time of full moon, when the moon is 
in opposition ; for each body produces a tide not only on the side 
of the earth nearest it, but also on the opposite side (364). Hence, 
at the times of the syzygies, the tides must rise above their ave- 
rage height. The tides occurring at or near these times are called 
spring tides. 

At the times of the quadratures, the action of the sun tends to 
produce low water, where that of the moon produces high water, 
and the contrary. The tides occurring at these times will not, 
therefore, rise to their average height. These are called neap 
tides. 

As the greatest effect of a varying action does not take place at 
the instant the action itself ia greatest, but some time afterwards, 
so it is with the tides. The most marked spring and neap tides 
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occur about a day and a liaJf after the times of tlio syzygies and 
quadratures. 

The effects of the separate actions of the sun and moon, boing 
nearly as 1 to 3, their joint effect must be to their effect when 
acting in opposition to each other, nearly as 4 to 2. Hence, the 
height of the spring tides above the medium surface of the water 
must be about double that of the neap tides. This result is con- 
firmed by observation. 

375. Perigean and Apogean Tides. The moon's influence in 
producing the tides, must evidently be greatest when hor distance 
from the earth is least, and least 'when the distance is greatest. 
Consequently, other circumstances being the same, the tides ■will 
be higher a short time after the moon is in perigee, and lower, a 
short time after she is in apogee, than at other times. 

Unusually high tides occur, when the moon is in perigee, at or 
near the time of a new or full moon. 

The variation in the earth's distance from the sun, has also a 
slight influence on the height of the tides. 

376. Effect of the moon's dedmatton on the tidi,'> The height 
of the tide at a given place is influenced by the decimation of the 
moon. When the moon has no decimation, the highest tides must 
evidently occur along the equatoi , ind the height must dimmish 
from thence towards the north and south When she has noith 
declination, the highest tides on the side of the earth next the 
moon, will be at places having a corresjionduig north latitude, and 
on the opposite .side, at those which have an equal south latitude. 
From these parallels of latitude, the height of the tide will gra- 
dually diminish to the north and south. It therefore follows, that, 
when the moon's declination is north, the height of the tide at a 
place in north latitude will be greater when the moon is above the 
horizon than when she is below it ; and at a place in south lati- 
tude it will be just the reverse. This is illustrated by Mg. 55, in 
which the exteiioi cuive is an exaggerated representation of the 
oval foim of the curve through the summit of the tide wave, on 
the supposition th^t the whole earth is covered by water. 

When the moon s declination is south, the whole is reversed. 
The tide at a place m north latitude is then higher when the mooa 
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is below tte horizon than when ehe is above it ; and at a place in 
south latitude it will be just the contrary. 

377. Position and motion of the tide wave. The Ml effect of 
the moon's action at any place, occurring after her passage over 
the meridian, the tide wave or cotidal lino in the open ocean la 
always to the east of the moon, and generally at the distance of 
about 30°. It must, therefore, have a wcstwardly motion, follow- 
ing the moon in her apparent diurnal motion round the earth ; and 
it would thus, if the ivhole eaith was oveied with water, make a 
complete circuit in the course of a lunai lay Thm motion of the 
tide wave is not, however, a continued fori^aid motion of the same 
portion of water, but merely an ui lulation of succesHve portions, 

, It follows from the preceding that m the open ocean it must be 
high water about two hours aftei the mt an s passage over the meri- 
dian. This is, however, subject to some viri^tion, depending oa 
the relative positions of the sun and moon 

378. Ftdes not perceptible m lakes and inland seas. As tho 
tides result from the unequal actions of the sun and moon on dif- 
ferent parts, it requires a great extent of eniface to render them 
Bensible. No perceptible tides aie, theiefoie cbserved even in 
the largest lakes of this continent or in the inland ''eas of the eas- 
tern continent. 

379. Tides in lays, rivers, ^c. The tides in bays, rivers, nar- 
row seas, and generally on shores far from the main body of the 
ocean, are not produced by the direct actions of the sun and moon, 
but are derivative waves propagated from the great tide wave. 
These derivative waves are usually attended by a current, which 
in some situations is quite rapid. Its velocity is, however, far less 
than that of tho tide wave. 

The interval between the moon's passage over the meridian, and 
the time of high water at places situated on the shores of conti- 
nents, or on bays and rivers, depends principally on the distances 
the derivative tide waves have to pass, and on the less or greater 
obstructions to their motions, resulting from shoals and indenta^ 
tions of the coast. ' It is, therefore, very different at different 
places. At the same place, however, this interval has a mean 
value, from which it seldom deviates more than an hour; tho devia- 
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tion depending mainly on the moon's position with reference to 
the sun, 

380. JIstabKshment of a port. The mean interval between the 
moon's passage over the meridian and high water at any port on 
the days of new and full moon, is called the estahlishment of the 
port. When, by careful observationa at any port or other place 
on tide water, the establishment has been determined, tho time of 
high water at that place, on any given day, may be easily oonj- 
puted. This is done by adding tho value of the establishment to 
the time of the moon's passage over the meridian, obtained from 
tho Nautical Almanac, and then applying the correction due to 
the moon's position with regard to the sun. The correction is 
obtained from a small table calculated by a formula deduced by 
Laplace.* 

381. Rise of the tides at different places. The rise of the tide, 
or difference between the heights of high and low water, is very 
different at different places, being affected by various local eauaea. 
Thus, at New York, the mean rise of the spring tides ia about 5ft. ; 
at Boston, lift. ; at Brest in France, 19ft. ; at Bristol in England, 
42ft. ; and at Cumberland at the head of the Bay of Fundy, 71ft. 

According to Professor Whewell, the great tide wave of the 
South Atlantic Ocean movea northwardly along the coast of North 
America to the mouth of the Bay of Fundy, whore it is met by 
another tide wave, moving in the opposite direction ; this accounts 
for the extraordinary high tides in that Bay, 

Tho height of the tides in many situations is considerably inffu- 
enecd by the direction of tho \*ind on the coast, especially when 
it ia strong, and continues for a length of time in the same 
direction. 

382. Unit of altitude. The unit of altitude of a place, is the 
mean rise of the spring tides at that place, that ia, it is the rise of 
the tide about a day and a half after tho syzygies, on the supposi- 

* The theory of the tides, a, eubjoot of great difficulty, has been elaborately 
treated by Laplace in the 4th Bookof iha M^oaniqiie Celeste. The formula referred 
to, is contained ia the 42d Beot. of the 8d chap, of tho book. 

The table of corrections and another table containing the establishment of tho 
port for Tariona places, are given in treatises on NaTigation. 
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tion that the snn and moon are then both in the plane of the equa- 
tor, and at their mean distances from the earth. When, by a 
series of observations, the unit of altitude of a place has been de- 
termined, the rise of the spring tides, as affected by the distances 
and declinations of tho sun and moon, maj be computed bj a for- 
mula deduced for the purpose,* 

In many places it is of great importance to be able thus to know, 
by previous computations, when unusually high spring tides are 
likely to occur, in order to guard against damages which might 
otherwise be the result. 



CHAPTEa XXI. 

OP THG CALENDAR. 



383. Cfalendar. The Calendar is a distribution of time into 
periods of different lengths, as years, months, weeks, and days. 

384. Julian Calendar. It has been shown that tho tropical year 
contains 365d. 5h. 48m. 48sec. (145). But, in roekoning time for 
the common purposes of life, it is most convenient to have the 
year contain a certain number of tvliole days. In the calendar 
established by Julius Csesar, and thence called the Julian Calen- 
dar, three successive years are made to consist of 365 days each ; 
and the fourth, of 366 days. The year which contains 366 days, 
is called a Bissextile year. It is also frequently called Leap year. 
The others are called common years. The added day in a bissex- 
tile year is called the Intercalary day. 

According to the Julian calendar, and reckoning from the 
epoch of the Christian era, every year, the number of which is 
exactly divisible by 4, is a bissextile; and the others are com- 
mon years. 

^ MIo. C^I. Bk. 4, Chap. 3, Sect. 41. The American Almanae contains tabular 
nocabers for all the spring tides Uiat occur in tlie year. The product of the unit 
of altitude of a place, by any of tte numbers, is the height of the corresponding 
spring tide. 
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385. Julian Tear. It is evident that tlie reckoning 'by the Ju- 
lian calendar supposes the leogth of the year to be 365J days. 
A year of this length is called a Julian Year. A Julian year, 
therefore, exceeds the true astronomical year by 11m. 12sec. This 
difference amounts to about 3J days in the course of 400 years. 

886. Gregorian Calendar. At the time of the Council of 
Nice, which was held in the year 325, the vernal equinox fell on, 
the 21st of March, according to the Julian calendar. But by the 
latter part of the 16th century, in consequence of the excess of 
the Julian year above the true solar year, it came ten days earlier, 
that is, on the 11th of March. It was observed that, by continu- 
ing to reckon according to the Julian calendar, the seasons would 
fall back, so that in process of time they would correspond to quite 
different times of the year. This reckoning also led to irregu- 
larity in the times of holding certain festivals of tho church. The 
subject, claiming the attention of Pope Gregory XIII., he, with 
the assistance of several astronomers, reformed the calendar. To 
allow for the 10 days, hy which the vernal equinox had fallen back 
from the 21st of March, he ordered that the day following the 4th 
of October, 1582, should bo reckoned the 15th instead of the 5th, 
And in order to keep the vernal equinox to the 21st of March, in 
future, it was concluded that three intercalary days should be 
omitted every four hundred years. It was also concluded that the 
'omission of the intercalary days should take place in those centu- 
rial years, the numbers of which were not divisible by 400. Thus, 
the years 1700, 1800, and 1900, which, according to the Julian 
calendar, would be bissextile, would, according to the reformed 
calendar, be common years. 

The calendar, thus reformed, is called the Gregorian Calendar. 
It is easy to perceive, by a short calculation, that time reckoned 
by the calendar, agrees so nearly with that reckoned by true solar 
years, that it will require 3600 years to produce a difference of 
one day. 

387. Adoption of the Gregorian calendar. The Gregorian 
calendar was at once adopted in Catholic countries ; but, in those 
where the Protestant religion prevailed, it did not obtain a place 
till some time after. In England and her colonies, it was not in- 
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trodueod till the year 1752.* It is now used in ail Christian coun- 
tries except Kiissia. 

388. Old and New Styles. The Julian and Gregorian calendars 
are also designated by the terms Old Style and New Style. In 
conscqnonee of the intercalary days, omitted in the years IVOO 
and 1800, there is now 12 days difference between them. 

389. Months. The year is diTided into 12 portions, called ca- 
lendar niontha. Each of these contains either 30 or 31 days, 
except the second month, Pebrnary, which in a common year con- 
tains 28 days, and in a bissextile, 29 days ; the intercalary day 
being added at the last of this month. 

890. Dominical Letter. It was formerly customary to desig- 
1 ate tl e d ys of tl e week 'n the e len H by the fiist seven letters 
ot the alphabet alwiys \ lae n^ the n o that A corresponded to 
the fi t 1 y of tl "> ea B to the eeeo d C to tl e third, D to the 
foil tl E to tl e fif h r to the s th tr to tl e e enth, A to the 
e gl tl B to the th an 1 o on A co d n^ to tl h arrangement, 
vhat 61 letter des, g ates a y g ven day of th week in the first 
pa t of the yeai eont nues to des gnate the sa ne throughout the 
year The letter dea gaat ng the fi st lay of the week, or Sunday, 
is called the Sominieal Letter. 

As a common year conaists «f 865 days, or 52 weeks and 1 
day, the last day of each common year must fall on the same day 
of the week as the first, and the next year must commence one day 
later in the week. Consequently, the day of the week which was 



* At this time there was a diffarenoe of 11 days between the Juliaji and Grego- 
rian calecdore, in consequence of the suppresaion, in tJia latter, of the intoroalary 
day in. 1700. It was, therefore, enacted by parliament, that 11 daja should be 
left oat of the month of September, of the current year, 1752, by calling the day 
foliating the 2d of the moiith, the 14t!i, instead of the 3d. 

Previous to this, years oommencing at two different times had been in uee in 
England. The hUlorkal year commenced on the 1st of January, as at present. 
But the civil ox legal year commenced on the S5t}i of March. Dates in the inter- 
nal between these times, were frequently esprossed by naming both yeaiis. Thus, 
ia books printed prior to 1752, we often meet with dates expressed as follows : 
Feb. 2d, 1735-6, or 178|. The same act that introduced the Gregorian calendar, 
established tlie 1st of January, oa the commencement of the civil, as well as of \hn 
bistoHcal year. 
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tKe first iJay of the former year, and wat designated bj A, is the 
seventh day of the second year, and is designated by G ; that 
which was the second, and was designated by B, in the former 
year, is the first, and is designated by A in the second, and so on. 
It therefore follows, that whatever letter is the dominical letter in 
any common year, tho letter next preceding it in the alphabet is 
the dominical letter in the following year; except the former was 
A, in which case the second is G. 

In every common year, the first day of March is the 60th day 
of the year, and consequently corresponded to the letter D. In 
bissextile years, on account of the intercalation, the 1st of March 
is the 6l3t day of the year; hut the letter D was still made to 
correspond to it, and the letters for the remaining part of the 
year were arranged accordingly. It therefore follows, that, after 
the 29th of February, any given day of the week was designated 
by the letter of the alphabet next preceding that by which it was 
designated in the first two months. Consequently, a bissextile had 
two dominical letters, one of which appertained to January and 
February, and the other, which was the next preceding letter in 
the alphabet, appertained to the other ten months. 

From what has been said it follows, that the dominical letters 
succeed one another in a retrograde order, that is, in the order 
(i, F, E, D, 0. B, A, G, F, .j: ; and that each bissextile has two 
in the same order. 

It is now usual to retain only the dominical letter in the cal- 
endar, and to designate the other dayf of tho week by numbers or 
by their names. 

391. Determination of the dominical letter. The year 1800, 
which was a common year, commenced on the fourth day of the 
week, and, consequently, the dominical letter was the 5th of the 
alphabet, which is E. From thence, taking into consideration 
that every four years, in which a bissextile is included, requires, 
five dominical letters in a retrograde order, it is easy to find the 
dominical letter for any year in the present century. To do this, 
multiply the number of years above 1800, by 5, and divide the 
product by 4, neglecting the remainder. Divide the qaotient by 
7, and subtract the remainder from 5 ; or from 12, when the re- 
mainder is equal to or greater than 5. The last remainder is the 
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number of tlie dominical letter. In bissextile years, tte dominical 
letter tbus obtained is tbat for tbe last ten months of tlio year. 
The dominical letter for the first two months is the next following 
letter in the alphabet. 

Delambre, in the 38th chapter of his Astronomy, has given the 
investigation of a formula for finding the dominical letter in any 
century, according to the Gregorian calendar. 

392. Solar Ch/de. The Solar Ot/cle is a period of 28 years, in 
which, according to the Julian calendar, the days of the week return 
to the same days of the month, and in the same order. The first 
year of the Christian era was the lOtli of this cycle. Consequently, 
if 9 be added to the number of any year, and the sum be divided by 
28, the remainder will be the number of the year of the solar cycle. 
When there is no remainder, the year is the 28th of the cycle. 

393. Lunar Ch/de. The Luviar Cyde, or, as it is sometimes 
called, the Metonic Cycle, is a period of 19 years, in which the 
conjunctions, oppositions, and other aspects of the moon, return on 
the same days of the year. The synodic revolution of the moon 
being 29.5305885 days, 235 revolutions are 6939.688 daya; which 
differs only an hour and a half from 19 Julian years. The number 
by which the year of the lunar cycle is designated, is frequently 
called the Cfolden Number. 

The first year of the Christian era was the 2d of tlie lunar cycle. 
Hence, to find the year of the cycle, for any given year, add 1 to 
the number of the year, and divide by 19. The remainder ex- 
presses the year of the cycle. If nothing remains, the year is the 
19tii of the cycle, 

394. Cycle of the Indietion. The Cycle of the Indietion is a 
period of 15 years. This period, which is not astronomical, was 
introduced at Rome, under the emperors, and had reference to 
certain judicial acts. 

To find the cycle of the indietion for a given year, add 3, and 
divide by 15. The remainder expresses the year of the cycle. 

395. Julian Period. The Julian Period is a period of 7980 
years, obtained by taking the continued product of the numbers, 
28, 19, and 15. After one Julian period, the different cycles of 
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tiie Bun, moon, and indiotion, return in the same order, bo as to be 
jast tlie aarae in a given year of the period, as in the same year of 
the preceding period. The first year of the Christian era was the 
4714th of the Julian period. Hence, if 4713 he added to the num- 
ber of a given year, the result will be the year of the Julian period. 

396. ^paet. The Upact, as an astronomical term, is the mean 
age of the moon at the commencement of a year, or, in other 
■words, it is the interval between the coromencement of the year 
and the time of the last mean new moon ; and is expressed in days, 
hours, minutes and seconds. 

The Epact, as given in the calendar, is nearly the age of the 
moon at the commencement of the yeur, expressed in whole days, 
and was introduced for the purpose of finding the days of mean 
new and full moon throughout the year, and thence the times of 
certain festivals. Without entering into any explanation of the 
reason of the rule, it must sufBco here to observe, that the Rpaet 
for any year during the present century may bo found by multiply- 
ing the golden number of the year by 11, adding 19 to the product 
and dividing the sum by 30. The remainder is the lEpact for the 
year. 



CHAPTER XXII. 

UNIVERSAL aRAVIXATIOK, — TABLES OP THE ELEMENTS Or THE 
ORBITS OF THE PLANETS AND OF THEIR MASSES AND 
DENSITIES. 

397. Physical astronomy, in which the piinciple of universal 
gravitation is applied to the investigation of the jnotiuns of the 
heavenly bodies, and the various effects of their actions on one 
another, is a very extensive and, in many of its parts, very diSicalt 
department of science. A few propositions of an elementary cha- 
racter, and some general remarks and results, are all that will be 
here introduced.* 

* The celebratad Prinsipia uf Newton waa the first work on physical astronomy. 
At the proeent time, the prominent works on this subject generally, or on the moon 
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398. The moon is retained in her orbit hy the force of gravity 
diminished in p}-oportion to the square of the distance from the 
earth's centre. 

Let E, Fig. 56, be the centre of the earth, A a point on its sur- 
face, and GH a part of the moon's orbit, aesumed to be circular. 
When the moon is at any point M in her orbit, she would, by the 
first law of motion, move on in the direction of the line MF, a 
tangent to the orbit at M, if ahe waa not acted on by soino force 
to turn her aside. Let L be her place in hor orbit one second of 
time after she has been at M, and let LC and LD be drawn parallel 
to EM and MF respectively ; and joining LM, let EI be drawn 
perpendicular to it, and, therefore, bisecting it in I. The line CL, 
or its equal MD, is the distance the moon haa been drawn, during 
one second, from the tangent towards the earth at E. Now, aa 
the distance a body. moves in a given time is proportional to the 
force by which it is moved, MD may be taken aa a measure of the 
force hy which the moon is drawn towards the earth. 

Put g — MD, Gi = the force of gravity at the earth's surface, 
or tho distance a heavy body falls there, by this force, in a second, 
r = EA, the earth's radius, d =, EM, the moon's distance, p — 
moon's sidereal revolution in seconds, t = moon's horizontal paral- 
lax, and = = 3.14159, &c. Then, assuming that the force MB, or 
g, is that of gravity diminished in proportion to the square of tho 
distance from the earth's centre, we have, 

r^:<P::g:Q- = ^-g (A) 

Now, by similar triangles, we have EM : IM : : LM : MD, or 
2EM : SIM, or LM : : LM : MD, that is, 

2(?:LM: :LM.:g (B) 

But the chord LM does not sensibly differ from the arc LJI, 
which is the distance described by the moon in one second. Hence, 
as 2d« is the circumference of the moon's orbit, we have, 

« : 1 : : 2(?=, : LM = — ■ 

Substituting the value of LM in (B), it becomes, 

in pftilicular, are Laplace's SUouaiiae CiUi/e, Ponteooulnnt's S^ste-iiie du Monde, and 
Flunk's TkSoTU de la Lane, 
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•2d : —- :: : g = tW 

F P p^ 

Hence, from (A), WG have, 

_^ 2(?3^ _ 2d^^ 

Or, hj subatituting for d, its value — , 

sin rt 

= -?^ (D) 

p' sm^n 

Taking the mean values of r, p, and «,* we easily find the value 
of G to be 16.22 ft. ; -which ia very nearly equal to its known value 
aa determined by experiment. This conformity of the computed 
result with that obtained hy experiment, may be regarded as 
establishing the truth of the proposition, 

399. The planets are retained in their orlits about the sun, and 
the gateUitea in theirs, about their respective primaries, hy forces 
directed in each ease to the central body and varying inversely as 
the square of the distance from that hody. 

Assuming the planets and satellites to be retained in their orbits 
by forces directed and varying as stated in the proposition, it is 
proved, by a series of investigations that we shall omit, that their 
motions and periods must be in conformity with Kepler's Laws. 
Hence, as these laws were deduced from observations, and have 
been fully confirmed by subsequent observations, it follows that the 
proposition must he true, 

400. Determination of the relative masses or quantities of matter 
in the sun and planets. 

For a planet that has a ^atelbte, let D be the mea-n di^stance of 
the planet from the sun, d the mean distance of the satellite fiom 
the planet, P and p the periodical revolutions of the planrt and 
satellite respectively, and m the mass of the planet, that of the 
sun being regarded as a unit or 1. 

Also, let / = force of gravity of a unit of mass at a unit of 

» These are, 2r = 41776044 ft,, ^, la seooads, = 2300585, and it — 57' 1". 
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distance Thpii, amcp the -whole force of gravity at a given dis- 
t^^lce is propoitionil to the misf, we have mf= force of gravity of 
the mils m at a unit of fUttince. Hence, g being taken for its 
foice at the distance A, we h'ne, 

c? -V : : 'm.f : a = '^- 

Eat (398 C), ^ = — 

Hence, -i = , or m = — - [hj 

In lite manner for the sun and planet, the mass of the siiu 
licing 1, we have, 

-^? « 

Dividing (E) by (F), there reauits, 
d' pa 

In this investigation, the attraction of the planet on the sun, 
and that of the sateilite on the planet, have both been omitted. 
Eat a the m f the planet is very small in comparison with 
that f th s n ni the mass of the satellite in comparison with 
that { th J Ian t the result is b«t little affected by the omission. 
We ha e thu y simple formula for computing, with considera- 

hle a u y th mass of a planet that is attended by a satellite. 

Applying thia formula to the planet Neptune, we have (335 and 
336), P = 164| years, y. = 5 days, 21 hours, D = 2,850,000,000 
miles, and d = 230,000 miles, which give, for the mass of Kep- 
tune, m = thJcxi i^^arly. This result accords very well with the 
value given in Article 336, 

The masses of the planets which have no satellite, and also that 
of the moon, are deduced, hy more difficult investigations, froir, 
the ascertained effects of their actions on other bodies. 

401. The Densities of the Sun and Planets. The densities of 
bodies are proportional to their masses, divided by their volumes. 
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Hence, from the known masses ami volumes of the sun and plan- 
ets, their densities are easily obtained.* 

402. The density of the earth increases towards the centra. 

Supposing the earth to have been once in a fluid state and homo- 
geneous throughout, it is ascertained by investigation that, in con- 
sequence of its revolution on its axis, it would have taken the form 
of an oblate spheroid, having the polar radius to the equatorial in 
the ratio of 229 to 230, and, consequently, have an cllipticity of 
2I5. If, instead of being homogeneous, it is composed of atrat;i. 
increasing in density towards the centre, the form would still be 
that of an oblate spheroid, but of hss cllipticity. Hence, as the 
actual cllipticity of the earth, which is only ^J^, is considerably 
leas than jiu, and as it is probable the earth waa once in the state 
supposed, it is inferred that tho denijty increases towards the 
centre. 

This inference is confirmed by very accurate observations made 
at the sides of the mountain Schchallion in Scotland, by Dr. 
Maakelync. Prom the eifect of the mountain in changing the di- 
rection of the plumb line of a plummet suspended near it, and 
from the known figure and volume of the mountain determined by 
a survey, it was found that the mean density of the mountain was 
to that of the whole earth, nearly as 5 to 9. 

403. Kepler's Laws, though very nearly, are not rigorously true. 
The deviation from entire accuracy is caused by the attractions 

of the planets on the sun and on one another, and also by tho at- 
tractions of the satellites on their primaries. But, as the masses 
of all the planets taken together are very small in comparison 
.with that of the sun, and those of the satellites in comparison 
with those of their primaries, the deviation with regard to either 
of the laws is also small. 



404. The sun's action increases the gravity of the moon to the 
earth at the quadratures, and diminishes it twice as much at the 
eyzygies ; the effect, on the whole, being a diminution of her gravity 
to the earth by about the B59th part. 



of the sun, planets und moon, as deduced tram the 
iuTestig^tions, are given in the tubles ait the end of this part of the 
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Let ACBO, Fig. 67, represent the orbit of the moon, -which 
may in this investigation be considered as coinciding with the plane 
of the ecliptic. Also let S bo the sun, E the earth, M the place 
of the moon in her orbit, and AB perpendicular to SE, the line of 
the quadratures. Let the line SE represent the force which the 
sun exerts on the earth at E, or on the moon, when in quadratures, 

at A and B.* Then, SM' : SE^ : : SE : |^s = the force with 

which the sun acts on the moon at M. In the line MS, produced 

SE^ 
if neceaaary, take MD ^ clua ' t'lon MD represents the force 

which the sun exerts on the moon at M. Let the force MD be re- 
solved into the two, MH and MG, one of which, MH, is equal and 
parallel to E8. Then since the force Mil is equal and parallel to 
ES, it will have no tendency to change the relative motions or po- 
sitions of the earth and moon. The other force MG, will there- 
fore represent, in quantity and direction, the whole effect of the 
sun's action in disturbing the moon's motion in her orbit. Let 
SM be produced to meet the diameter AE in N. Then, because 
the angle ESN is always very small, being when greatest only 
about 7', the line SN may be considered equal to SE. Hence, 

Mn - ^ - -^ - (SM + MN)^ 

"■"^ ~ SM= ~ SM^ ^ SM' 

_ SM^ + 3SM^ X MN + 3SM X MN' -f- MW 
"" SM^ 

3MN MN"^ 

= SM + 3MN -I- gj^ X MN -f g^, x MN. 

But, as MN is very small in comparison with SM, the last two 
terms may be omitted without material error. 

Therefore, MD = SM -h 3MN ; or, SD = 3MN. 

As the angle ESM is very small, and SD is also small, the line 
DG must very nearly coincide with SE, and, consequently, the 



* Striotly speaking, lis tlie quantity of matter in. tiie earth la greater tlian. tiiat 
in the moon, tlie foroea wliioh. tlie sun exerts on the earth and moon, when at equal 
■Siatancea, are not equal. But the effects of thoae forcca, in moying the todies, 
ure equal, and it ia these effects which is the subject under consideration. 
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point G witli the point L. We may therefore consider ML as the 
force by -which the sun disturbs the motion of the moon, l^ow, 
EL + LS=ES=HM=DG=SD + LS, very nearly, or, EL=SD, 
very nearly. 

Hence, if MIC be perpendicular to SE, we have, 
EL = 3MN = 3EK. 

Let the force ML he resolved into two others, one MQ in the 

direction of the radius vector, and the other MP in th-e direction 

of a tangent to the orbit at M. Then the force MQ increases or 

diminishes the gravity of the moon to the earth, according as the 

point Q falls between E and M, or in EM produced. Tho other 

force MP increases or diminishes the moon's angular motion about 

the earth. Since the moon's orbit does not differ much from a 

circle, the angle QMP may be considered as a right angle. Put 

a = SE, J- = EM, X = tho angle AEM, m = mass of the earth, 

that of the sun being 1, and / = force of gravity of the sun, or 

of a unit of mass, at a unit of distance. Then, 

EK = EM cos MEK = r sin x, 

EL = 3EK = dr sin x, 

MP = LQ = EL cos X = Zr sin x cos x. 

But (App. 7), sin a; cos a; = fain 2x. Hence, 

MP = ^ sin 2,x. 

Also, EQ = EL sin x = 2rsm% and MQ = EQ - EM = 3r 
sin^x — r = — r [1 — Z sin ^x). 

Or, using the affirmative sign to denote an increase in the moon's 
gravity to the earth. 

MQ = + J- (1 — 3 sin ^x). 

Now the analytical expression of the force represented by ES, 

/ 
is evidently -i- Hence, since E8 : MQ : : the force ES ; the 

force MQ, we have, 

/ 
a ; r (1 — 3 sin ^a:) : : -^ : the force MQ. Consequently, the 

(H) 
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In like n 



the force MP = ^^&m2x (I) 

When the moon is in quadratures, a; = 0, or 180°. Consequently, 
then, 

the force MQ = + J (K) 

But when the moon is in sjzygies, x = 90° or 270°. Hence, then, 

the force MQ = - -^ (L) 

The first part of the proposition is, therefore, proved. 

Now, it is evident, from (H), that the force MQ = 0, when 
3 sinV = 1, or sin a: = \/ J ; that is, when x = 35° 15' 52". The 
moon's gravity to the earth is, therefore, increased while she is 
within about 35° of her quadratures, on either side, and ia dimi- 
nished in all the remaining part of the orbit ; and the greatest 
diminution is double the greatest increase. It follows, therefore, 
that in the whole the moon's gravity to the earth is diminished by 
the action of the aim. An easy investigation, with the aid of dif- 
ferential calculus, proves that the mean or average diminution is 
fr 
g-j-; r representing in this case the mean distance of the moon 

from the earth. 

fr 
Dividing ^s, the mean diminution of the moon's gravity to the 

earth by —^, which expresses the whole gravity, the quotient ^ — j, 

is the mean diminution of the moon's gravity expressed as a fraction 
of the whole. Substituting, in this, the value of m (391 G), and observ- 
ing that a and r are used here in the place of D and d, we have, 



2m a- 



-5i» = ii!a »»"'?■ 



405. The inequality in the moon's motion, called the Annual 
Equation (204), proceeds from an inequality in the sun's disturb- 
ing force, depending on the variation in the earth's distance from 
the sun. 

fr . 

The expression g— j designates the mean diminution of the moon's 
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gravity to the earth for a given distance of tlie earth from the sun. 
Hence, aa the distance a varies with the time in the year, or with 
the sun's anomalyj the mean diminution of the moon's gravity 
must also vary. This variation causes a change in the moon's dis- 
tance from the earth, and, consequently, in her velocity. The 
change in her place resulting from this change of velocity, is the 
annual equation. 

406. The Evection is produced hy an inequality in the sun's 
disturbing force, depending on the position of the line of the apsides 
of the moon's orlit with regard to the line of the syzygies. 

Let R and r denote the distances of the moon from the earth, 
in apogee and perigee, when the line of the apsides coincides with 
the line of the ayzygies, X and x, the distances at which the moon 
would be from the earth, in apogee and perigee, if she was not 
acted on by the sun, and G and g, the perigean and apogean gra- 

/ 
vities in that case. Also, put w = -^, and supposing the earth's 

distance from the sun to remain constant, n will be constant. 
Then (404 L), 6 — 2jvi and g ~ 2Em will be the perigean and 
apogean gravities of the moon, when the line of the apsides coin- 
cides with the line of the syzygies. Hence, 





X> 


-.x":: 


G^jr, 






and R* 


■.r':: 


G — 2ra 


■S 


Consequently, 










X' 


a 








-? 


" 5' 








..,%. 


G- 


-2r« 





g ~ 21lm 

Now, as G is greater than g, and 2/ti less than 2Rk, it is evi- 
dent that 

G — 2m 



? — 2R« 



is greater than — . 



„ R\ , X^ 

Hence, — ^ is greater than — ^. 



,v Google 



214 ASTRONOMT. 

It therefore follows, that, when the line of the apsides coincides 
with the line of the eyzygies, the ratio of the apogean distance of 
the moon to the perigean distance, and, consequently, the eccen- 
tricity of the orhit, is increased by the action of the sun.' In like 
manner it may be shown, that, when the line of the apsides coin- 
cides with the line of the quadratures, the sun's action diminishes 
the eccentricity of the orhit. Tho change in tho eccentricity of 
the orhit, produces a change in tho equation of tho centre ; and 
this change is the Bvection. 

407. The Variation is produced hy the resolved part of the sun's 
disturbing force that acts in the direction of a tangent to the moon's 
orhit. 

It has been shown (404 I), that MP, the part of the sun's dis- 
turbing force that acts in the direction of a tangent to tho moon's 
orbit, and therefore changes her motion in her orbit, is equal to 

~— 5 sin 2x, Hence, supposing the earth's distance from the sun, 

and the moon's distance from the earth, to remain constant, this 
force is proportional to sin 2a; ; that is, to the sine of twice the 
distance of the moon from the quadratures. It is, therefore, 
greatest in the octants, and is nothing in the Bjzygica and qua- 
dratures. The inequality in the moon's motion thus produced is 
the Variation. 

408. The motion of the Apsides of the moon's orHt is produced 
by the action of the sun in diminishing the moon's gravity to the 
earth. 

If the moon was only acted on by the earth's attraction, she 
would describe an ellipse, and her angular motion, would be just 
180°, from one apsis to the other ; or, which is the same, from one 
place where the orbit cuts the radius vector at right angles, to the 
other. But, in consequeneo of the change produced in tho moon's 
gravity to the earth, by the action of the sun, the moon's path ia 
not truly an ellipse. When the effect of the sun's action is a dimi- 
nution of the moon's gravity, she will continually recede from the 
ellipse that would otherwfeo be described, her path will be less 
curved, and she must move through a greater distance before the 
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radius vector intersects the path at right angles. She must, there- 
fore, move through a greater angular distance than 180°, in going 
from one apsis to the other, and, consequently, the apsides will ad- 
vance. On the contrary, when the gravity is increased hy the 
sun's action, the moon's path will fall within the ellipse which she 
ii-ould otherwise describe, its curvature will be increased, and the 
distance through which she must move hefore the radius vector 
intersects her path at right angles, will he less. The apsides will, 
therefore, move backwards. Now, it has been shown (404), that 
the sun's action alternately diminiBhes and increases the moon's 
gravity to the earth. The motion of the apsides will, therefore, 
be alternately direct and retrograde. But, as the diminution has 
place during a much longer part of the moon's revolution, and is 
besides greater than the increase, the direct motion will exceed 
the retrograde. Consequently, in an entire revolution of the moon, 
the apsides have a progressive motion. 

409. Motion in the moon's nodes and change in the inclination 
of her orbit. The direction in which the sun's disturbing force 
acts on the moon, does not, except in some particular cases, coin- 
cide with the plane of her orbit. This force, therefore, causes the 
moon to leave the plane of her orbit, or, which is equivalent, causes 
this plane itself to change its position, varying both the line in 
which it intersects the piano of the ecliptic and the angle it makes 
with that plane. By a simple hut tedious investigation, it may be 
shown, that, in consequence of the sun's action, the nodes must, 
during each synodic revolution of the moon, move alternately back- 
wards and forwards ; the backward motion being, however, the 
greater, so that, on the whole, they must have a retrograde motion. 
It may also be shown, that the inclination of the orbit must alter- 
nately increase and diminish, vibrating thus, about its mean value, 
from which it never widely deviates. 

410, StaMlitif of the solar system. The mutual actions of the 
planets and satellites, and the inequality of the sun's action on a 
planet and its satellite in different positions, produce continual 
changes in the motions of the bodies, and in the eccentricities and 
inclinations of their orbits. Although some of these changes are 
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ascertainod from observations to be periodical, and it is found that 
the quantities subject to them, alternately increase and decrease, 
so that their mean or average values remain the same, yet there 
are others which have always been accumulating from the period 
of the earliest observations to the present time. One of these, 
the acceleration of the moan motion of the moon (193), has long 
attracted attention. If this acceleration of her motion, and the 
consequent diminution of her distance, were perpetually to continue, 
it would follow that she would eventually be precipitated to the 
earth. Such ft result, if it were a necessary consequence of the 
structure and working of the system, would seem to imply some 
imperfection in the works of the all-wise Creator of the universe. 
But the profound investigations of Lagrange and Laplace have 
shown, that, with the system constituted as it is, no such result can 
have place ; that not only some, but all, the changes produced in 
the motions and orbits, by the mutual attractions of the bodies, 
must be periodical ; and that, though some of the quantities in 
which these changes are produced must continually increase, or 
continually decrease, for many thousands of years, they cannot 
perpetually do so. Through the operation of the very same causes, 
the quantities that are now increasing, must in process of time 
decrease, and those that are decreasing, must increase. None of 
them can ever widely deviate from their average values. Thus, 
notwithstanding the many perturbations and seeming irregularities, 
the stability of the system is preserved. 



411. Tables relative to tke planets and satellites. The following 
tables contain the elements of the orbits of the planets, and their 
masses and densities as far as they are known. The longitudes 
are reckoned from the mean equinox of the epoch. 

The fourth table, page 218, contains the elements of the first 
twenty-seven asteroids, which have been collected from the most 
reliable sources. 



;;■ Google 



CHAPTER XXII. 



ELEMENTS OF THE PRINCIPAL PLANETS. 



™,..„., 


e.e^^w^'XM.N. 


T?bi"^r' 


^"4aSi'^^ 


vS^.. 




1801, Jan. 1. 
1847, Jan. 1. 






± r tr 

+ 19 « 
+ 26 22 
+ 11 B 
+ 33 17 
+ 4 




100 39 :c 
64 22 6S 
112 16 28 
135 20 6 
177 48 23 


5 

5 
,0 


128 43 53 
99 30 5 

382 23 56 
11 8 34 
89 9 29 

167 81 16 



6 
6 

1 




Mara 



















.„..,..„.. 


'i^ 


ffi«"^ot 


Saiulac TMlalion. 


-SIS."- 


vSS,. 


■y re ry 


4IS 


57 80 9 


— IB 2 


70 0' 9 1 


+ 18."1 




74 


54 1 f 


— 31 11 


3 3 ''8 5 




The harth 














4R 




— 38 49 


1 61 6 2 


— 0. 3 


Jap ter 


98 


"-e 18 i 


— b 21 


1 18 ol 8 


— 22. 6 




lit 


5S 17 ^ 


— 3 2 




— 15. 6 


UnnUB 




59 85 o 


— 69 59 


46 '< 




heptiu e 


HO 


4 S 




1 43 59 





PLUIETB BlJIl- 


taMeanMrr'Sa™ 


Seml-miyiir Asis. 


EmentlMti. 


..,.v.u«™. 




87.969258 


0.3870S81 


0.2065149 


+ 0.00000887 




224.700787 


0.7233816 


0.0068607 


— 0.00006276 


The Earth 


865.256861 


1.0000000 


0.0167836 


— 0.00004859 


Mars 


b86,979646 


1.6236923 


0.0933070 


+ 0.00009019 




4332.584821 


5.2027760 


0.0481621 


4- 0.00016086 


Saturn 


10769.219817 


9.5387861 


0.0561505 






30686.820830 


19.1828000 


0.0460794 




Neptune 


60125.483 


80.0369000 


0.0087195 
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Different Revolutions of the Moon. 

Tropical revolution 27.S215255 

Sidereal •' : 21.8215880 

Sjnodio •' 29.6306885 

Anomalistic " 27.5545704 

Nodal " 27.2122222 

Sidereal revolutions of the satellites, and their mean distanees 
from the planets about which they revolve. The distanees are ex- 
pressed in terms of the equatorial radius of the planet. 



JUPITER. 

Moan Distanco. Sidor. Royolutioo. 

DajB. 

... 6.04853 1.7691378 

... 9.62347 3.5511810 

... 16.35024 7.1546528 

... 26.99835 16.6887697 



Mean Distance. Sider. Revolution. 
Ist Satellite, Mimas 3.361 0.94271 



4tli 
6tli 
6th 
7th 
8th 



Enceladus 4.300 1.37024 

Tethjs 6.284 1.88780 

Dione 6.819 2.73948 

Ehea 9.524 4.51749 

Titan 22.081 15.94530 

Hyperion 26.5 21.18 

lapetuB 64.359 79.32960 
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Mean Distance. Sider. Revolution. 

Daya. 

1st Satellite 13.120 5.8926 

2d " 17.022 8.7068 

3d " 19.845 10.9611 

4tK " 22.752 13.4559 

6tli " 45.507 38.0750 

6tli " 91.008 107.6944 



Sfasses and Aensittea of the sun and planets, the n 
(tnA density of the earth being each assumed = 1. 



« of the sun 



Sun 


MasBes. 
1 


252 


Ncptuno 

Uranus 


13035 

55^i5j 


unknown 

0.242 


Saturn 

Jupiter 

Mara 


3553 

WlH 


0.138 

0.238 

948 




3330337 










Mercury 




1.12 



; the earth's mass by a unit, the moon's mass is about 
Vj, and her density about 0.615. 

Remark. The masees of the planets given above, except that of 
Neptune, are taken from a table in the Astr. Naeh. No. 443. That 
of Mercury has been very recently obtained by Prof. Encke, from 
tho effects of this planet in disturbing the motion of the comet 
which bears his name. 
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TRtaONOMETSICAL FORMULiE. 

A Nt'MBEE of tlie formulie included in the following collection are used 
in the present work. The demonstrations may lie found in any good work 
on Trigonometry.* They are introduced here, and numbered in order to 
facilitate the referenMS. 





JVom a sinffk arc or angh 


a, (A« radim heing = 1. 


1. 


Bin" a + oos= a ^ 1 


7. sin a = 2 sin i a m& ^ . 


2. 


.in » = tug « oo« c. 






nin , '"S <• 


8. cos « = 1 - 2 sin' J a 




™° ;/Cl + tog-<.) 


9. cos ™ =^ 2 cos' J a — 1 






10 tanc ^a 


■ 


"■•" "■ i/ a + tans= «) 




6. 


tang a = — — 


11. teng J « ^ ^ . "°^ " 


6. 


*"'*■ "■ ^ tei^ ^ ab¥ 


12. tang'U^^;^^^^ 



Eir (!uo arcs a aM(^ b o/ lohich a js supposed to he the greater. 

13. sin (a ± 6) = sin <t cos 6 ± cos o sin h 

14. cos (« i 5) = cos a cos 6 =)= sin a sin 5 

,, tans a ± tant; h 

15. tang (a ± 6) ^ r^-^^ -^-^ 

° ^ ' I -+- tong a tang 6 

16. sin a cos 6 ^ i sin (a + 6) + J sin (a — E) 

17. cos « sin 6 = J sin („ + 6) - J sin (a - 6) 

18. sin a sin 6 = J cos (a — ft) — i cos (« + J) 

19. cositcos & =^ ^ cos (a ~ ;*} + J cos (a + ft) 



* The bast trentise upon tlmt subject, in our language, is tbat by CliauTenet, 
Gently published. 
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20. sin a + sin 6 = 2 sia J (n + B) cos i (« — 6) 

21. sin » — ain & = 2 co8 J (a + 6) sin J (» — 6) 

22. cos J + cos a = 2 coa 5 (a + V) cos J (o — J) 

23. cos 6 — cos a ^ 2 sin J (tt + h) sin ^ (a —1) 

24. tang o + tang h = ^'^ . ('' + ^) 

2fl. f,.n,r -,. _ f.n. fi ^ "° (" ^ ^) 



26. cot 5 -|- cot a =:^ -r 



(<■+') 



a sin J 



28. tang l(a + Fj = - 

29. tang J (« _ 6) =. _ 

30. cot J (« + &) = ^'° 

31. cot J (« — ;.) = — 
togj_(«+_6)_sir 



tang i (a. — 6) sin a — &m.b 

For a Sphencal Ti-iangh, in v:Mch A, B, C, are the angle^ and i, b, 
and 0, the oppoiile sides, as in, Fig. 58. 

S3, ain A sin & ^ sin B sin a 

34. cos a =: cos A ain 6 sin c + ooa 6 coa c 

35. cosA==cosasinBsinC — eosBcosO 

„„ ^ cot A sin B + cos B cos c 

36. cot ffl = . 

cot a sin 7i — cos cos Ii 



3T. COtAi:: 



39. tang i (b + a) ^ tang J 

40. tang J (& — a) ^ tang J 



' cos J {B + A) 
6in ^ (B - A) 
• sin i (B + A) 

41. tang J (B + A) ^ cot J C "^ I f,^ T "1 
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42, lang}(B^A) = cottC~ *ff , " l 
sm i {^a -\- u) 

i (i + -) 



cot J C = tang J (B — A) -^ 



»('-•) 



™l J C = tang KB + A) „™ -f^sTT^ 
tang i c = tang J (6 — - «) 



■ i ( ^ i + A) 
1 i (S — A) 

=»°='"8K'+-) :,'tg-A)^ 

-Foj- a riyAi a)i^?e(? spherical triaayle in vAtdi, C is tlie right angle, and 
the opposite side e, the hi/potenuse, as in Fig. 59. 



c — cos a cos 6 


48. tang a = ? 


in h tang A 


e = cot A cot B 


49. tang a = c 


08 B tang c 


a = sin c sin A 


50. cos A = si 


nBcosa 



51. T)' owy sma?; arc o?- <i«^?e a, not exceeding, or not much exceeding a 
degree, le expressed in seconds, and if u, ^= 20S254",8 we have, 

mh a = _, very nt^rly. 

For the sine of a small are ia very nearly equal to the length, of the 
arc itself; and to ohtain the length of an arc, expressed in seconds, we 
have this proportion. As the nnmhcr of seconds in the whole circumfer- 
ence is to the seconds in the arc, so ia the length of the c 
the length of the arc. Hence, 

1296000" -.a:: 6.2331853 : length of a, 



or, length of (( — I29600r ~ 206264";8 ~ « ' 

Consequently, sin « := length of a ^ — 

As the circumference of a circle, divided hy 6.283, &c., gives the radius, 
it is evident that 206264". 8 are the seconds ia the radius. 

Cor. The number of seconds in an arc is equal to the product of k by 
the length of the are; the radius being unity. 
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INVESTIGATIONS OF VARIOUS FORMUtJE. 

62. 7i> find formi/Im fin- the values of the rectangular co-ordinales CD 

and AD, of a phcs A, on. ike earth's mrface, Mff. i, and its distance AC 

from, the centre, in terms of the latitude and eccentricUy. 

Put p = AC, the equatorial radiua Cg being assamed = 1. 

$ = angle ZGg, the latitude, 

f' = " gCj, the geocentric latitude, 

e ^= earth's eccentricity. 

Then, we have, OD = p coa $', and AD = p sin ^'. 

Let the semicircle eBj be described on eg, and let DA be produced to 

meet it in B. Then, by Conic Sections, 

Cp:Qq::DA.: DB, 

or, (74), v^ (1 - e") 1 1 : : p aiu / : DB = p «in ^'. ^7-^— j. . 

■/ (1 — e') 

Bat, BB" + DC = CB' = Cg' = 1. 



Hence, ^ sin' ^'. -^ ^ -f- 



- tan' t' 4- 1 



- l-^e" "" ' 


p' cos* 


'^'' 


But (76 A), tan' $' := (1 — , 


s')' tan= ^, 


Consequently, (1 - 


-^)tan'. + l^_,-^^-. 


or, (1 - e') ^ 




1 


' cos' $' 


sin= <} — •? sis? 


$ + cos' t = 


cos' f 
P' cos' ^' 


1 - e= sin^ 


1 _ cos' (f 





-|/(1 — c'sin'$) 
Again (App. 2), p sin t' ^ p cos ^' tan t' ^= p cos *' tan $ (1 — c*) 
(1 — e") tan ^ coa •( 
= (l-finin'4>)" 
. , ■ ( 1 — eO sin * ,T,-> 

or, p sm fi' = Vtt V-^-T-^ ^-^ 

Adding together the squares of the equations (A) and (B) we have, 

,__ (! — e')' sin' j) + 003' ^ sin' ^ — 2 e' sin' » + e* sin' ^ + oog° q. 

** ^ 1 — e' sin' ^1 1 — ^"sin' * 
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_ 1 - 2 e' sin" ^ + e* sii 



.,P = t/- 



(C) 



The value of p, multiplied by the numher of miles in the equatorial 
radius, gi^es the value of AC in miles. 

53. To find the limes of lonyesl and shoHest twilighi at a given place. 
Li,t HZG-, Fiij. 32, he the meridian of the place, Z its zenith, HR its 
horizon, FGr, parallel to HE, 18° below, P the elevated pole, AB tlia part 
of sun's diurnal path included between HR and FG, PA and PB arcs of 
declination circles, and ZA and ZB arcs of vertical circles. Put L = PH 
= latitude of the place, D = sun's declination, and 2a = 18°. Then, 
(App. 34), we have, 

s AP _ cos 90° — sin Loos (90° ±D) 



laZPA^ 



in PZ ain AP cos L sin (90° ± D) 

= dz tang L tang D (A) 

- PZ cos BP 



s (ZPA + APB) = cos ZPB ^ 
° + 2n) — sin L coa (90° ± D) _ 



iz tang L tang D. 



a (90° ± D) 
Hence, coa ZPA — cos (ZPA + APB) = ^^^™ '^^^^ ^ , 

or, (App, 23), 2 sin J APB sin (ZPA -\- 1 APB) = ^^J'^ "'' ■■ - ■ 

Let now, II = ZPA, and x = APB, when AP is greater than 90°, 
that is, when the declination is of a different name from the latitude, and 
H' = ZPA, and af = APB, for an equal declination, when of tbe same 
name with tlie latitude. Then, it is evident from the expression for coa 
ZPA, that H will be leas than 90°, and that H' will be the supplement 
of H. Hence, we have, 

2 ain i a: ain (H + ^ ^) ^ ,,"'? ^^^ .) 



a(180°-H + J^) = ;^-j^ 



)r, 2 sin ^ 3/ sin (H — ^ a/) = ^''' ^^ ^ (B) 

' ^ ' cos L cos D ^ 

Consequently, sin J if sin (II — ^ x') = w\ I x ain (H + J x), 

)r (App. IS), i coa (H _ a;') _ J cos H = J cos H — J coa (H + a-), 

)r, cos (H — 3f) + cos (H + «) = 2 cos H. 
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Bat, (App. 22), cos (H — a:) + cos (H + a^) = 2 cos H cos x. 

Hence, cos (H — x') — cos (E — a:) = 2 cos II (1 — cos x) = i 
cos H sin" J X. 

Now, since H is less than 90°, the second memher is affirmative. Con- 
sequently, cos (H — a;'). is greater than eo3 (H — x), and therefore, a/ 
is greater than x ; that ia, the twilight is longer wlien t!ie latitude and sun's 
declination are of tJie same navie, than v>hen Suy are respectively of the 
same values, hut of different names. And it is easy to perceive from eqna- 
tions (A) and (B), that the. longest twilight at a place, occurs when the 
declination is greatest and of the satne name vdth the latitude. 

For the ihorCesf tvrilight. Let tUe triangle BPC, having the side BP = 
AP, have also, PC ^ PZ, and BO = AZ = 90°; then its three sidea 
being respectively equal to those of the triangle APZ, we have the angle 
GPB = ZPA. Taking OPA from each, we have APB == ZPC. Hence, 
the twiliglit will he shortest when the angle ZPC is least. 

Let ZD be a vertical circle through C, and PE an arc of a great circle 
bisecting the angle ZPC. Since PZ and PC are constant, the angle ZPC 
will be least when ZC is least; and since BZ and BC are constant, ZC 
will be least when the angle ZBC is least, that ia, when it becomes Zero, 
or when BZ and DZ coincide. But, when BZ and DZ coincide, wo must 
have DC ^ BO = 90°. Hence, as DZ r= 90° + 2a, it follows, that, 
when the twilight is shortest, ZO = 2a. 

Now, as the triangle ZPC is isosceles, and PE bisects the vertical angle, 
it must also bisect the base ZC and be perpendicular to it. Hence, in the 
right-angled triangle ZEP, we have (App. 47), 

ii^__sin a 
a PZ ~~ cos L 



ttZPE = 



Twice the angle ZPE converted into time, gives the duration of shortest 
twilight. From the right-angled triangles ZEP and DEP, we have 
(App. 45), 

cosPZ _ c osFD sin L_ om PD__ __ cos P D 

cos ZE ~ ""^ ~^ cos DE' ^'' cos «~cos (90° + a) sin a 

Hence, cos PD = — sin Jj tang a. 

As cos PD ia negative, PD, the sun's distance from the elevated pole, 
must be more than 90°, and, consequently, the declination must be of a 
name contrary to that of the latitude. 

When PD has been found from the above expression, the sun's declina- 
tion is known; and by a Nautical Almanac, the times in the year when 
the sun has this declination are easily found. 
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54. To find the annual variations of a star in right ascension and 
decimation. 

Referring to Fig. 20, described in previous Articles (126 and 128), as 
it is evident that m^ does not senaiUy differ from EG, and as the differ- 
ence between the complemonts of two arcs is the same as tie difference 
between the ares themselves, we have, 

E'G' — EG = E'G' — »!-/ = E'ni + ^G', 
and, G's _ Gs = Pa — P's, 

or, ann. var. in E. Ascen. = E'm + gG' (A) 

anu. Yfu-. in Beclin. = Ps ~ F^ (E) 

Draw P'j" perpendicular to the declination circle PbG. Then, as PP' 
and P**- are very small, we may, without material error, regard PpP' as a 
spkerical triangle, right angled at P, and P', PrP' and E'otE as right 
angled plane triangles, and liP' ;= sr. Put 

A = EG = right asccn. of the star 
I) ^ Gs ^ declination do. 
f = jjP = QEG = obliq. of the ecliptic. 
Then, taking small arcs or angles instead of their sines, and ohserying 
that PpP = CO' = EE' = 50".2 (126, Oor.), and P'Ps = 90° — GPQ 
= EQ — GQ ^ EG = A, we have, from the triangles P^P and PrP', 
PP' = PpF sin ^P = 50".2 sin t, 
Fr = PF sin FPs = PF sin A =. 50".2 sin g sin A, 
and, Pf ^ PF cos FPs = PF cos A = 50".2 sin f cos A. 
Consequently, Fs -^Va ^Ps ~rs = Vr ^ 50".2 sin j eoa A. (C) 

We have, also, from the right angled spherical triangles Frs and ^G's, 
the latter of which may be regarded as right angled at g as well as at G', 
we have, 

Fr = Fs!- sin Vs = gsG' cos G's, and ^-G' = jj^' sin G's. 
From these, we have, 

gQ/ ^ F''- sm G's ^ p^ ^^ ^,^ ^ g^, 2 Bin , gin a tang G's. 

But, since the quantity which is mnltipled by tang G's ia small, we may, 
without sensible error, put fang Gs or tang D, instead of tang G's. We 
then have, 

i/G' = 50".2 Mn t sin A tang D (D) 

Prom tlic triangle E'wiE, we have, 

E'm = E'E cos mE'E = 50" .2 cos ^ (E) 

Substituting, in formula) (A and B), the values of E'm, ^G' and 
Ps — Fs (E, D, and C), we have, 

Ann. vat. in R. A&cen. = 50".2 cos e -|- 50" .2 sin j sin A tang D 
Ann. var. in DecKn. =: 50" .2 sin t cos A. 
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In applying these formuUe, the declinatiou ia to be regarded as affirma- 
tim or Iterative, according as it is iwrlh or south. 

When the mean right ascension and declination of a star ia known for 
it. given time, and the annual variations have been computed bj the above 
formulas, its mean right ascension and declination at a, subsequent timO; 
not distant from the former more than 20 or 30 years, or, in case of the 
pole star or other star near the pole, 10 or 15 years, are obtained by add- 
ing to the given right ascension and declination, the product of the cor- 
responding annual variation by the number of years, and parts of a year, 
in the interval. In like manner, the right ascension and declination may 
be obtained for a prior time, only subtracting the products instead of add- 
ing them. 

55. To find tlie aheeraUon of a fixed star in right ascension and de- 
cUnation, /or a given time. 

Let s, Fig. 60, be the star, E the earth, EQ the equator, P its pole, 
IjC the ecliptic, V the Yemal equinox, N the pole of the declination cir- 
cle Ps6, and sNM an arc of a great circle, which, passing through tho 
pole N, must be perpendicular to PsG-. Also, let J) be the point of the 
ecliptic towards which the earth ia moving at the given time, and sD an 
arc of the great cii'cle, in which the plane e1<]D cuts the eeleatial sphere. 
Then (132), the direct effect of aberration ia to make the star appear to 
be at a point s' between s and D, such that ss' =^ SO^.SO sin Bs. 

Let ^d be perpendicular to PG. Then, as a/ ia -very small, wc may 
regard the triangle s'rfs as rectilineal. We have, also, without sensible 
error, GTs" = Qd, Pe = Ps, and ^d ^ es. Now, since GV = Gd = Gs 
— sd, it is evident the effect of aberration on the star s, which ia in the 
first quadrant, is to diminish the right ascension by the quantity O'G, and 
the declination by sd. Consequently, 

Aber. in right asoen. :== — G G (A) 

Aber. in deolin. := — ■ sd (1!) 

Put a = 20".36, A = VG = star's right ascension, D = Gs = star's 
declination, S = sun's lon^tude, and e =^ GVF = obliquity of the eclip- 
tic. Then, using small arcs and angles instead of their sines, we have, 

es = «Ps . sin Fe = ePs . ain Ps ^ G'G cos D ; 
also, es = i!d^ s^ ain DsF = 20".36 sin Ds sin DsF ^ o sin Ds sin DsF. 

Hence, G'G cos D = a ain Ds sin DsF. 

But, sin DsF : sin P : : sin DP ; sin Ds, or, sin Ds sin DsS ^ sin F 
sin DF; and in the right angled spherical triangle VGF, 

Bm VG = am F sm VF, or, s,u F = --^= -^-^■ 
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Therefore, G'G cos T> = a dn F sin DF = *^ 



TliBii (A), Aber. in right aaoeE. ^ — CTG = «( sin DF . . (S)') 
Agaiu, in the right angled triangle VGF, we have (App. 49), 

tang Va ^ cos ! tang VF, or, cot VF = cos t cot VG = cos i cot A (E) 
Put VF = 90° ~ ?.. Then, since VD = S — 90° (132), we have, 

DE z= YF — YD := 180° — (S + ^), sin DF = sin (8 + ^), cot YF =-^ 

taag If-, and sin VF =^ cos $. Hence (E, C, and D), 
tang f = cos I cot A ~i 

«.= -^^^f^ ^ t^' 

jifiej-. in, right ascen. ^ m sin (S + ?) J 
Now, in the small triangle ^ds, we have, 

wf = gs" COB g'sd — ss' sin MsD = a sin De sin MsD. 
But, sin MsD : sin M : : sin MD : sin Ds, or, sin Ds sin MsD = sin 
M sin MD; and, sin MV : sin NY : : sin MNV, or, sin GNs : sin M 
sin NV sin GN"s cos A sin D 





sinMT 


.in MV 








Henee, — ed ■■ 


= — atm 111 .i 


n M.D = — 


a sin M s 


in MD = 


_^ 


« A .in D 
sinMV 


einMD 








Put 


» = 


a CO. A .in D 
sin MY 






. ■ C«) 


Then 


(B), 


Abet, in declin. ^ 


= ~ id = n 


sin MD . 


■ (H) 


Now, 


jn tie triangle MNV, we liave (App. 36), 






cot 


■in , oot MHT + 001 . oo 


. HV -.i 


n.cotD + 


cos f sin A 






sin NY 




COS. 


i 


», 


— cot MY 


sin ! cot D 
cos A 


cos f tang A 




■ ■ (f-) 


Pit 












MV = 


90 + 9.* 


Then, .in MD = 


= sin (MY + YD) = sir 


, (S + B), 


sin MV 


= "■ '• " 


nd cot MV = — 


...g,,c,,^ 


cot MY = 


tang e. 



♦When MV is leas that 90°, us in tie figure, it is 90° -}- 9 
regarded as equal to MY. 
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Hence (I, G, and H), 

tang 6 = -T — — cos t tang A 



aooaAsinD I . . . (K) 



Ahar. in dedin. = n. sin (S -\- 9) 

Th d m n t n of an arc by 180°, changes the sign of its 

sine n b t d n t ffect its numerical value. It is, therefore, 

bvid nt tb t f h lu f the are ^> he increased or diminished hy 180°, 

the xp n f th h n right ascen. (F) will still be true ; for the 

sign f 1 th f to nl n (S + ^) being thus changed, there will he 

no h ng n th n t tl e product. Hence, we may always take $ 

afErm t nd n t d g 180°. Similar ohservations apply to the 

Tl j f t f nd n. charge but little for a number of years, 

and th f wh n computed for any star, they serve for a long 

tim n J t tl 1 tion of that star. Table IX contains the 
vail f th { nt t f 30 principal fixed stars. The values of ™ 
and all m 1 ffi t ve by increasing the values of $ and $ by 

180 wh n q t 

bQ T fi I J ^ f ''"^ lunar nutation in rig/it ascension and 

decl nat 

T b n th f m I'W we have recourse to certain results established 
by Pby 1 A t my It has been proved that the phenomena of nuta- 
tion may be xpla d n th supposition that the pole of the equator, 
instead of movin^, ..triotly a circle about the pole of the ecliptic (126), 
moves in a small ellipse about the mean place of the pole, that is, around 
that point in the circle at which the pole would be if the nutation did not 
exist, and in a period equal to that of the moon's nodes. The major axis 
of this ellipse is situated in the solstitial oolure, and is to the minor axis 
in the ratio of the cosine of the obliquity of the ecliptic to the cosine of 
twice the obliquity, The major axis has been found to be equal to 
18".44 ;* and hence, the minor axis is 13".73. 

Let ELF, Fiy. 61, be the ecliptic, N its pole, NLM the solstitial oolure, 
EMF the mean equator, P the mean place of the pole, AhCd the ellipse 
in which the pole is assumed to move, and ABCD a circle about the centre 
P. Then, according to the investigation in Physical Astronomy, if the 
arc ABO be made equal to the longitude of the moon's node, and Oc be 

* T)iia is tlie value ^ven by Stnive, in No. 42fi of the Aslr. Ifach., as recently 
obtained from a. series of observations made by Mm at Dorpat. 
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drawn pcrpcndioular to NL, the pointy, in which it meets the ellipse, will 
be the trac place of the pole, and the great circle E'G'F', described about 
the polep, will be the true equator. Let s be tho situation of a star, and 
let jsj' be drawn perpendicular to the declination circle PG-, and Em. per- 
pendicular to E'G']?'. Then, observing thatp stands here in place of P', 
Fig. 20, we have, as for the annual variations (App. 54), 

Nut, in right ascen. = E'm -|- g(y (A) 

Nut. in declin. ^ Ps — ps ^ Pr (B) 

pr ^= pV sin pPs 

E'™ = E'E COS f (0) 

j^G-' ;^jw tang Cs ^pr tang D =:pP sin ^Ps tang I> . . (B) 

Vr=pV<io&p9i (Ej 

Now in the triangle j:>PN, we have, 

sin PN : yP : : sin PpN : jiNP, or LL', or E'E. 
But, as Npc may he regarded as a right angle, or Kp parallel to Nc, wo 
have, PpN = APp. Hence, as PN = t, 

sin . : _pP : : sin APp : E'E = ^-^!^^. 

Therefore, E'm ^ E'E cos t =pV sin APp cot t ... . (P) 
As p2s = APp -I- APa = AI^ + MG ^ APp + EG- — EM ^ AP^ 
_1_ A — 90°, and as sin (A — 90) = — cos A, and cos (A — 90) = 
sin A, we have (App. 13 and 14), 

sia^P* = sin APp sin A — cos APp cos A 
cospPs = cos APp sin A + sin APp eos A. 
Hence (D and B), 
gQ' ^ jjP sin APi* sin A tang D — j>P cos APp cos A tang D (G) 
Pr^_pPcos APpsin A+pPsiu APpeos A (H) 

Put a = PC = 9.22 

h = <lV = 6.865 

N = arc ABO ^ longitude of moon's node ; 
then, 360° — N = APO. 
Now, in the small right angled triangles OcP andpcP, we have, 
Oc = OP sin APO = « sin (860" — N) = — a sin N, 
p3 = pP sin APp. 
But, by a property of tho ellipse, 
DP : rfP : : Oc r pc; 
or, a : 6 : : — a sin N : po = — t sin N. 

Hence, pP sin APp = — 6 sin N. 

We have, also, pP cos APp = Pc =: OP cos APO = a eos N. 
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Substituting the Talucs of ^P sin Arj> andjjP cos AFp in (F, G- and 

H), we ha^e, 

E'ot -[- ^G' = — 6 (cot f -[- sia A tang D) sin N — a cos A tang D 

cosN (I) 

Pr = — 6 cos A sin N 4- a sin A cos N (K) 

Put — b (cot f + sin A tang D) ^ m.' cos $' 

— <t cos A tang D =; m' sin ^. 

_,, , » cos A tang D , o COS A tans D ,. ,,, 

Then, tang *' = ^~~ — r— =— r! — TTm J^ = — ■ ^ — f— (L, M) 

' ** 6(cot! + sinAtangD)' sin $' ^ ' 

and, E'm -f (/G' = m' (sin N oos *' + cos N sin if') = m' sin (N -f ^') 

or (A), TiT!^. m right asmn. = m' sin (N -|- fl.') (N) 

Put — i. cos A = n' cos e" 

a sin A = n' sin e'. 

Then, tang e' = — ^ tang A, m' = '^ ^'" , , . . . (P, Q) 

and, Pr = n' (sin N cos d' + cos N sin 9') = «' sin (N + a'}, 

or (B), nut. in dcdin. =^ n' sin (N H- o') (E) 

The obscnat on'; n the 1 st 4 t 1 el t e to ^ o anl pply 
equally here to ^ s and « 

To _;??(«; iSe sol r uialo nr jJtw, un a d ded nat o i It ba^ 
been found that the solar imta,t on may he expla ned bj is'sum ng the 
polo of the equatt to de c be i small ell pse alxut its meaa jlice in 
lite manner as t r ti e 1 nar nutat For th s lar nutnt on w 1 a e 

Fig. 61, PO = 'iSS Prf = 00 and the a AJJO = t o the 
Bun's longitude Hence if S be (1 sun 1 gitude the fo mula, for tiie 
solar nutation in right ascension and dechnation will be the same as for 
the lunar, escept that, instead of the values of a and h m the last Article, 
we shall have, a ^^ 0",545 and, h = 0" 5, and, instead of N, we shall 
hare, 2S. 

JVote. As these viilnea of a and h arc about -j'g of their values for the 
lunar nutations, we may obtain approsimate values of the solar nutations, 
by computing as for the lunar, oiilj using, in (N and 11), 2S instead of N, 
and taking Jg of the results. 

57. Given the eccenfricili/ of the orhit of a planet wod (7ie mean aiw- 
•m,<dy, to find the true aaoinaly. 

Let the semi-ellipse PDA, Fig. 62, represent one-half the orbit, the 
centre, S the place of the sun in one focus, D the place of the planet in 
its orbit at any time, and F the place at which it would have been at that 
time if ite angular motion had been uniform. On the diameter AP let 
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the aemi-circle AGP be described, and let CL be drawn parallel to SF, 
and GDH perpendicular to AP. Then, the angle PCL = PSF is the 
mean anomaly, and PSD is the true anomaly. The angle PCG- is called 
the eccentric anomaly. 

Aaauming AC, the mean distance of the planet, to bo a unit, put 
e ^^ SO =^ eccentricity 
m = PCL = P8E = mean anomaly 
■u = PSD = true anomaly 
X := PCG- = eccentric anomaly 
T ^: time of describing semi-ellipse PDA 
( = time of describing are FD. 
By the property of the ellipse, 

area PGA : area PEA : : AC : CR : : area PGS : area PDS, 
or, area PGA : area PGS ; : area PRA : area PDS. 
But, by Kepler's second law (153), 

area PEA : area PDS : : T : t. Hence, 
ai-ea PGA : area PGS : : T : ( : : 180° : PCL : : area PGA ; sect. PCL. 
Hence, sect. PCL ^ area PGS 

sect. PCG — sect. PCL = sect. PCG — area PGS, 

or, sect. GCL = triang. GCS (A) 

But, sect. GCL = } AC X arc GL, and triung. GCS = J AC x CS 
X sin PCG. 
Hence, arc GL == CS X sin PCG = e sin x. 

Or, for the arc GL, or angle GCL, in seconds, we have (App. 5]., Cor.'), 

angle GCL = c^ sin a; (B) 

Also, since PCG = PCL + GCL, we have. 

For most of the planets the value of e is less than 0,1, and it is not for 
any of them more than about 0.25. Hence, it is evident (B), that the 
angle GCL is generally quite small, and that it is never large. The sec- 
tor GCL differs, therefore, hut very little from the triangle GCL, and 
we have (A), triang. GCL ^= triang. GCS, nearly. Consequently, SL is 
nearly parallel to CG, and the angle PSL is nearly equal to PCG, the 
eccentric anomaly. 

Put 2d = 180° — diff. of angles CSL and CLS 

p ^ angle PSL ;^ eccentric anomaly, nearly, 
«=y + .. 

By trig., we have, 
CL — CS : CL + CS : : tang i (CSL — CLS) : tang J (CSL + CLS), 
or, 1 — e : 1 + e : : tang 4 (180" — 2<0 : tang J (180° — m), 
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or, 1 — e : 1 + e ; : eot (90' — J m) : cot (90° — d) : : tang h m : 
tang d. 

Hence, tung d = tang i m (D) 

But, im -i- d^QO° — i (C8L + CLS) + 90° — J (CSL — CL8) 
^UO" —CSL = VSh^P; 
or, p^im + d (E) 

Now, substituting p -\- z instead of x in formula (C) and observing that, 

aa z must be very small, we may regard cos 2^1, and a sin a ;= z, in 

seconds, we have, 

J, + 3 = jn, + eLo.sm (p -f £) = m -)- e^sinp -j- ts cos p, very nearly 

„ m + fiu sin w — v , ,_, 

Hence, z =: k —, very nearly. . . , (F, 

1 — ^ e cos p J ■/ \ ' 

Attd, since a: :== p -|- s, we have, 

a: ^ » -! 4--^^ — —, very nearly, (G\ 

If a.' is desired with still greater aeouraoy, it may be obtained by taking 
p equal to the value of x found from formula (G-), and recomputing with 
this value. This repetition is, however, seldom if ever necessary. 

Now, as AC = 1, SO = e, and PSD = m, we have, the property of 
the ellipse, 

SD =. ^ JTcfa V ^""^ ^^ = ^^ '"^' * = ''iZreon" ' 
But, SH :^ CH — CS = CG cos PCG — CS = cos a — e. 
H e (^ ~ «') t"^^ ^ __ gg _ ]. OS M = cos j: — e 

But (App. 12), 
^ ^ , 1 - cos M 1 -h e - (1 + c) cos a^ 1 + e 1 — cos a; 



"1 — , 



tang= i a:. 



Hence, tang J u ::= taag J ;c |/ = — — (H) 

Having found the value of p from the expressions (D and E), we find 
X from (G), and theu the tiMie anomaly «, from (H). 

58. To determine the height of a lunar vnountavri,. 

Let ABO, Fig. 68, be the enlightened hemisphere of the moon, E the 
Mtuation of the earth, ES' the direction of the sun from the earth, and SM 
a solar ray, touching the moon in 0, which will be one of the points in 
the curve separating the enlightened from the dark part of the moon. 
Also, let M be the summit of tt mountain, situated near to 0, and just 
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sufficiently olevated to receive the snn's light on its top. To an observer 
at E, the summit M, of the mountain, will appear aa a bright spot on the 
dark part of the moon. Let the angle MEO he measured with a micro- 
meter, and let the angle of elongation CES', be found from tlie positions 
of the sun and moon at the time. 

We may, without material error, regard ES' as parallel to MS, EC as 
equal to EO, and the angle MES' as equal to CES'. Consequently, sin 
0MB = sin MES' = sin CES'. Honce, from the triangle EMO, we 
have, 

sin OME : sin MEO : : EO : MO, 

or, sin CES' : sin MEO : ; EC ; MO (A) 

Put & = app, diameter of the moon, 

d = real diameter " 

C = angle MCO. 
Then, since S and C are both small, we have (97), OG = EC sin J S 



= ^ECs 


in 8, and MO = 00 tang C = 1 EC sin S tang = EO ain 8 


tang J C. 


Hence (A), 




sin CES' : sin MEO : : EC : EC sin 8 tang } C, 


or, 


, , „ sin MEO ang MEO 

""SiC .;„,.;„ cjjS' 8. in CES ('*' 






How, Ma : 


^ MC - OC ^ -^ _ OC = OC :!— ^ = (App. 11) 



00. ^ 

COS C 

tang" i C. 

Observing that Mo is the height of the mountain, we have, by substi- 
tuting tho value of tang J C (B), 

ir- 7 ^ 1 . ./ang MEOV 

When the moon's apparent diameter was 32' 5". 2 and her elongation 
CES' = 125" 8', the angle MEO for one of the mountains was found by 
Dr. Herschel to be 40".625, Hence, taking the moon's diameter =: 
2160 miles, we easily obtain, from the preceding formula, the height of the 
mountain = 1.45 miles. 

INTERPOLATION. 

59. Interpolation is a method by which, from several given consecutive 
values of a quantity, corresponding to given values of another quantity, on 
which it depends or with which it ia connected, an intermediate valne of 
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tke first may be found, corresponding to a given intermediate value of the 
second. Thus, if the values of an astronomioal quantity x, wliose varia- 
tiOB IB not very irregular, he given for the tinies T, T -|- Ihr., T -|- Shis., 
&«,, its value for an intermediate time, aa for instance, for the time T + 
l^hr., may be found hy interpolation. 

60. I«t the values of the quantity x, at the times T, T + 1, T + 2, 
&o., he a, a', a", &o. If the first of these values he subtracted from the 
second, the second from the third, and so on, the remainders are called 
first diffidences. If the first of these he subtiiieted from the second, the 
second from the third, and ho on, the remainders are called second differ- 
ences. In like manner we obtain third differences, fourth differences, &e. 
Let the values of x, at tlie times T, T + 1, &e., and the successive orders 
of differences he arranged as in the following table; in which the first 
differences arc denoted, hy Ara, aa', &c., the second hy a' 
the others in a similar manner. 



c, and 





vals. of 


1st. 
diffs. 


2nd. 
diffs. 


3rd. 
diffs. 


4 th 




a, 

a" 

a'" 


diffs. 


T 


Aa" 


A% 

aV 

A%" 

A»a"" 


T + 1 
T + 2 
T + S 
T + 4 
T + 5 


A'«. 
A%' 
A'<(" 


A'a 
A-a' 



svidontly have, 



i'a+i'a 


A'a'^A'o-fA'B 


^"a+A'a 


A'«"=A>fl'+A=,j'=A''«+2A'«+A'a 


A''u'+A'a'=A'-i+2a'a+A'o 


A'o'"= A''a"+AV'= A>a+3A'«+ 3 A' 


«' = Aa + A'a 




W," = Aa' + A"a' ^ A 


a + 2a'a + t?a 


\a!" = Aa" + aV ^ 


aa + 3A=a + 3A"a + A'a 


ia"" = Ao'" + aV" ^ 


Aa + 4A=a + 6a'a + 4A'a + A*a 


nee, since d ^ a -\- lia 


, a" ^ a' + Aa', &e., we have. 


t' = a + aa 




■i' — a-\- 2Aa + A'a 




■i" = a -1- iiAo + 3a'a 


+ A-'a 


■£'" = a -1- 4Aa + 6a= 


, + 4A^a + a'a 



'"" :^ a + 5aa + lOa'a + lOa'a -\- 5a'a + t 



The co-efficients of tho terms in the values of «, a', «", &o., which are 
the values of x at the times T, T + 1, T + 2, &c., are, therefore, the 
same as the co-efficients of the terms in the first, second, third, &e., powers 
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of a binomial. Henee, if we take t for an interyal of time, expressed in 
hours, or hours and paila of an hour, we shall have, for the value of x at 
the time T + f, 

L 111- ^) A=„ J. H'"l)(<-2) ,_ , 



2.3.' 



2.3 



'a + &c. 



(A) 



61. The process of interpolation can only be employed with advantage 
when the differences of some order, not very high, become equal, or very 
nearly equal. If we suppose the fourth differences to be equal, then the 
the fifth and higher differences must = 0. Henoe, we would have, in this 
case, for the value of x at the time T -)- ;, the rigorous formula, 



t{t~Y) (I 



2) (t - 3) 



tjt-l)^ 



' + 



f (I —1) (t - 

2.3 



i'« + 



(B) 



2.3.4 

If the differences of the fifth and higher orders, though not absolutely 
= 0, are very small, the formula will still be very nearly aecurat* for 
values of t not exceeding, or not much exceeding, 4hrs. For, in this case, 
the co-cffieients of the terms in which these higher differences enter, being 
each less than a unit, the terms omitted will be very small. 

62. Another Formula. Wo may obtain a formula, that is frequently 
more convenient tlian those above, by taking the times and values of x, as 
in the following table. 





vals, of 


1st. 
diffs. 


2nd 
diffs. 


3rd 
diffs. 




a" 








aW 
Aa" 


T~l 
T 

T + 1 
T-f 2 
T + 3 

T + 4 


A\ 
A'a' 



Put Aa + Ao, = 2J, A\ = c, A%, + A\, = 2d, and A\, = e. 
Then, aince half the difference of two quantities, added to half the sum, 
gives the greater quantity, we have, Aa = 6 -j- i c, and A'a^ = (? -j" i *■ 
Hence, assuming the fourth differences to be equal, A'li = e, a'k ^= A'a^ 
+ e = (? + f e, and A% — a\ + A'a^ = c + rf -f i e. Substituting 
I, A'a, A'a, and A'a, in the formula (B), it b 



these, value 
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(<; + f e) + 



((i-l)(i-2)((-3) ^ 



2.3.4 



Performing the multiplicatioaa indicated, and redwciDg, we have for the 
value X, at the time T + 'i 

li),, J. '■('•■ 

24 



. + « + 5. + '^Tr-<'+^lu^. ■ ■ • (") 



or,« = o + !('-!<') + 2 («- A") + 5'' + 24« •■■(») 

The interval (, may be takes of any valuo between — 2 and + 2. 

63. The liourly variation of a quantity at any time, is the variation or 
change in its valae which would take place in an hour, if the rate of change 
at that time were to be the same, throughout the hour. The M'l-rngQ 
hourlff variation of a quantity between two times T and T -|- C, is that 
hourly variation which, if continued during the interval (, would produce 
the change in the value of the quautityj that actually takes place during 
this interval. 



64. Average hourly variation. It follows, from the definition, that the 
difference between the values of a quantity at the timei T and T + /, 
divided by the interval t, must give the average hourly variation during 
the interval. Hence, if we put a/ = this averj,ge hourly variation, we 
have, from the formula (D), 



The average hourly variat 


on or the values of ^ 


at, T - 2 
" T — 1 
« T 
« T+1 
« T + 2 


i - + W - }. 

S-ie 

b — id 

i+h 

J+e+M+i. 



. (F) 



65. Smirly vari<Ui<in, If in the formula (D) we put t -|- f" instead 
of (, we shall have, for the value of a; at the time T -f- t -j-i', 

a, = u + < (4 - i rf) + I (c - ,'i«) + J<« + £« + '■ C» - W 
4 tH' + (3 tu"' + i f{' + i* 
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From this Yalue of a;, subtracting its value at the time T + i (Tf), and 
dividing the remainder by (", we find the average hourly variation between 
the times T + (, and T + ! + (', to be, 

~ 24 ^' 

Now, it is evident that the smaller the interval (" is, the nearer wiU this 
average hourly variation approach to the hourly variation at the time T -|- 
(. Hence, if we now taie a/ to stand for the hourly variation at the time 
T -[- (, we have, by taking (" ^ 0, in the above expression, 

«'=»-f''+'=(»-E')+^<'+r m 

The hourly variations, or the values of cd at tiic whole hours, are, 
at, T ~ 2 & — 2c -f -L;l<; — le 
'< T — 1 6 — c + Jii — ^V 

" T h — U j> . . . (H) 

" T + 1 & + c + H + -h" 
" T + 2 6 + 2e + JgL^ -I- le 



INVESTIOATION OF FORMULAE FOR COMPUTING SOLAE ECLIPSES, 
OCCULTATIONS, AND TRANSITS. 

66. Let 0, Fig. 64, be the centre of the earth, A a place on its sur- 
face, S the centre of the sun, M that of the moon, and S', M', A', s, and 
m, the points in which OS, OM, OA, AS, and AM, produced, meet the 
celestial sphere. Then will 8' and M' be the true places of the sun and 
moon, s and m, their ajpparent places, and A', the geocentric zenith of the 
place A. 

Let a be the zenith of the place A, OZ a straight line parallel to MS, 
meeting the celestial sphere in Z, EQ Ihe equator, E the vernal equinox, 
P the north pole of the ecjuator, and PB, PC, PF, and PK, declination 
circles through Z, S', M', and a and A'. Also, let BX and ZY be each 
a quadrant. Then, since BX is a quadrant, X is the pole of the declina- 
tion circle YB ; and, consequently, OX is perpendicular to OY and OZ. 
Also, since ZY is a quadrant, OY is perpendicular to OZ. Hence OX, 
OY, and OZ form a system of rectangula.r axes, having their origin at 0, 
the centre of the earth, and having the axis OZ parallel to MS, the line 
joining the centres of the moon and sun. 
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67. Taking the equatorial radius of tlie earth ^ 1, let 

X, y, z, be the co-ordinafes of M, 
a/ y, e', " " " S, 
A/.A " " " A, 
Also let p = OA = distonee of place A from earth's centre, 
E ^ OM = " the moon from '' " 

E' = 08 = " sun " " 

E" = sun's mean distance, 

G- =^ MS = distance between tie centres of the moon and sun, 
A ^^ EF ^; right ascension of the moon, 
A' = I5C = " " sun, 

a — EB = " " point Z, 

^ = EK^ " " aenith, or the aidereal time, 

D = FM'=: declination of the moon, 
ly ^ CS' ^ " " 'iun 

(^ = BZ = " 1 nt Z 

$ = Ka = " p nt a or geogr. Lat. of A, 

^ := KA.'^= " ' po nt A , or geooen. lat. of A, 

« = moon's equatorial h nzontil parallas, 

ji"= sira'a " '' " at mean distance, 

8 := moon's appar. semidiameter for earth's centre, 

S" =: Bun'a " " " " 

S" = sun's " " " at mean distance, 

i, = |, r =. J, 7. = ^ = 0.2730 (90), 

)■ = =j, ^: sun's radius vector to mean dist., a unit. 

Then we have (93. E.), E = -;— , and E" =: - — ,-,. Consequently, 

__ E K ^ sin 

'■^E/^7W"77i_.. , 

^„ I ■ ■ (a; 

We have also (99. Cor.), Sun's radius = -; ^ | 

,i^ J " " 1- (B) 

Moon's radius = —. ^ 7c 

68. Tojind the values of a, d, and g. Let EX' be a qisadrant. Then 
OX', OP, and OE will evidently be another system of rectangular axea, 
having the same origin as the former system. On OZ, take OL ^ MSj 
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and let MG, SH, and LI be perpendicular to EOQ, the plane of the 
equator, meeting it in G, H, and I. Also let G-TJ, HV, and IW he per- 
pendicular to the axis OE, and let GN he parallel to it. As MS and OL 
are parallel and equal, their projections GH and 01 are parallel and equal. 
Hence, aa GN is parallel to OW, the right angle triangles GNH and 
OWr, are equal, and we have OW = ON = TJV = OV — OU. Con- 
sequently, that ordinate of the point L, which is parallel to the axis OE, 
ia equal to the difference hetween the ordinates of S and M, parallel to 
the same axis. The same relation must evidently have place for the 
ordinates parallel to the ares OX' and OP. Hence, if we put a, a, and 
a" for the Ordinates of M, S, and L, parallel to OX' ; J3, J3', and 3", for 
those parallel to OP; and y, ■/, and y", for those parallel to OE, we shall 
have, 0." = o' — ay js" = Jj' — p ; and y" ^ ^ — ■ y. 

Now, since OL = MS ■= G, we have 01 ^ OL cos BOZ = G cos rf; 
and, consequently, / = OW = 01 cos EOB = Q 003 d eoa a. Also p" 
= LI = OL sin BOZ ==Gsind: and »" = IW = 01 sin EOB = G 
C03 d sin «. The oo-ordinates of S and M will evidently have similar 
expressions. Hence, we Lave, 

y" = G cos t? cos a p" ^ G sin d o" = G cos d sin a 

/ ^ R' COS jy cos A' p' = R' sin F «' = R' cos If sin A' 

y = R cos D 008 A j3 = R sin D a = R cos D sin A. 

Consequently, G cos d aos a ^ W cos B' 00s A' — R cos D cos A 

G cos tJ sin ffl = R' 00a D' sin A' — R cos D sin A 

sin t? = R' sin D' — R sin D. 

Multiplying the first of these last three equations by cos A', and the 
second by sin A', and adding the products; and multiplying the first, by 
sin A', and the second by cos A', and subtracting the first product from 
the second, we obtain, 

G cos d cos (a — A') ^ R' COS ly — R cos D cos (A — A') 
G eoa d sin (« — A') =: — R cos D sin (A — A') 
G sin d = R' sin ly — R sin D. 

Dividing by R', and putting </ for its equal — , and r for its equal — ' 
we have, ^' -^ 

ffcosd 00s (a — A') ^. cos jy — r cos B cos (A — A') l 
ff cos (i sin (a — A') = —r cos D sin (A ~ A') V (0) 

gsmd= sin B' — r sin D J 
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From these, we easily obtaiiij 

r cos D sin (A — A') ' 
tai.g (« - A) = --iy:Z7^ DoosCA-A') 
^ . (sin ly - )■ s; nD)cos(«-A') 
tang d ^ -ny^77osDcos(A-A') 

_ cos IV — ,- cos D cos (A — AQ I 

^ " cos d COS (a — A'j J 

TBcsc formulae for determining the values of a, d, and y, are perfectly 
rigorous. But sinco r ia always a small quantity, and since, at the time 
of an eclipse, A' is nearly equal to A, and ly to D, it is evident that a 
must be very nearly equal to A', and d to D'. Taking ttis into view, we 
may deduce from (C), the following more simple expressions, which will 
give the values of a and d, true to a small fraction of a second, and the 
value of g with corresponding precision. 



a. = 


= A'- 


-r{A- 


-^A') 


d-. 


= D'. 


-r(D- 


-W) 


'J-- 









(E) 



69. To find ike values of x, y, and. z; and a!', /', and z". Lot Z 
and M' be joined by the arc of a great circle. Thon, in the sptsrioal 
timngle ZPM', we have (App. 34), 

cos ZM' = cos MT cos ZP + sin M'P sin ZV cos M'PZ, 
or, cos ZOM' = sin D sin d + cos D cos d cos (A — a). 
The right ascensions of X aud Y are, a + 90°, and a + 180°, and 
their declinations are, 0°, and 90° — d. These right ascensions and 
declinations being substituted for a and d, in the expression for cos ZOM', 
will evidently give the expression for cos XOM' and cos YUM'. We 
shall thus have, 

cos XOM' = cos D sin (A — o) 

cos TOM' ^ sin D cos (^ — cos D sin d cos (A — a) 

cos ZOM' = sin D sin d + cos D cos ^ cos (A — a). 

If perpendiculars bo let fall from the point M, on the axes OX, OY, 

and OZ, three right angled plane triangles will be formed, the common 

hypotenuse of whicli will be OM := R ^ — : , and the bases will be 

•"^ sin n 

%, y, and z. Hence, x = -J— cos XOM', y = -. cos YOM', and 
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_ coa D sin (A — a) -. 

eia J>i>osd~ cos P sin d cos A — a) [ 



sin D sin (! 'I' cos D o 



'(A-- ) 



(T) 



efiud 



-") 



(9) 



y ^ (1 ain ?>' cos d — p coa ?>' sin d cos (/i ~ 

2" ^ p sio ^' sin d -f- p cos ^ ' cos d cos (ft — 

By substituting, 1 — 2 sin' ^ (A — a), in the formulfe (¥), instead 

of its equal coa (A ■ — a), (App. 8), and reducing, we obtain the follow- 

-( A--) 



■ ia(I > -d) 
at (D - d) 



a: tang I (A — a) siu i? 
c tang 5 (A — a) cos <; 



(«■) 



70. To find, ilie equations of contact. Let the points 0, A, M, and S, 
and the axes OX, OY, and OZ in Fig. 63, be the same as in Fig. 64. 
Conceive a conical surface FEECG, having its vertex at E, in the line 
SM, to circumscribe tHe sun and moon ; and another FE'BCG' having its 
vertex E' in SM produced, to do the same. Then, it is evident, that 
whenever tie surface FEBCG- meets the place A, there must be, at that 
instant, an external contact of the limbs of the sun and moon; that is, 
the eclipse at that place must be just hegimdng or just eitding. And if 
during the eclipse, the surface FWECG' meet-s the place A, there must be 
at the instant at which this oeeurs, aa internal contact of the limbs ; that 
is, the eclipse at the place A must then be just commencing or just 
cea^ng to be either annular or total. 

Hence, it follows that, if a straight line AD, drawn from A perpendicu- 
lar to SM produced, meets the surface FEBCG- in a, and the suiface 
FE'ECGf in a', there must be an external coatact when AD ^= aD, and 
an internal contact when AD = a'D. 

Now, since AD is perpendicular to DM, and DM is parallel to OZ, it 
follows that AD is parallel to the plane XOY ; consequently, the co-ordi- 
nates of the point D, are x, y, and a". Let AX", A¥", and AZ", bo 
respectively parallel to OX, OY, and OZ. Then, since AX", AY", and 
AD, are each parallel to the plane XOY, they are all in one plane. Hence, 
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if Dp bo perpendicular to AX", we sball liaye Ap=:cc — a^', and l>p^^ 

-/. Put 

U = AD; h = fflD; h' = a'B; 

/^ ang. SEC; / = ang. SE'O; 

P ~ ang. DAX" = tte angle wMeL tlie plane Z"AMS makes witli the 

plane Z"AX". 

Then, Ap^AD eos DAX" = XI cos P, and Dp = AD sin DAX" = 
XJ ain P. Hence, 

U cos P :^ a; — ic" 1 ,tt\ 

nsi.p = ,-y'| f''' 

In the right angled triangles ECS and TidM., we have tho angle dEM 
^SEG--/ Hence, 

OS = E8 ain/, (fM = EM sin/, 

and OS + (?M = (ES + EM) sin/= G sin/ 



or, .in/=p^(«inr + isin«") (I) 

Again, in the right angled triangles E'CS and E'l/M, we have the 
angle (?E'M =SE'0 =/'. Whence, as G = MS =:E'8 — E'M, we find, 

Bin/' = -^(sin8" — ;&sin«") (K) 

Since, EM = ^ = 4y, E'M = ^,, and DM = « - /', we 

'M = 

s _ a" _ -Jt^-. Consequently «D = ED tang / ^ ^ tang / — s" tang / 

-|- leneof, and aD ^= a tang/' — e" tang/' — i ecc/. Or, 

h = z tang/-|- h sec/ — e" tacg/ 1 ..p, 

A,' = Etang/' — k&ecf — ^s"tang/'/ 
As an external contact takes place when AD = oD, that is, when U = 
h, and an internal conUot when U ^ h', we have, from equations (H), 
( k^osV ^=x — x" } 

{ 

„ . , f A'eoaP = a;— a/' ) 

for internal contact < ,, . -^ ,i r 

The preceding formulae may be more oonoisely expressed in the follow- 
ing maBner. Put 



for external oonta«t ■< , . „ 

I ft sm P := y 
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wn /= -J- (sin S" ± h sin «") " 



, (M) 



h^l — ^' tang / 
In these, the lyipe)- sign ia to he taken for an external contact, and the 
lower for an internal contact. Also, if wo take h" ^^ 15' 59" .788, k :r=r. 
0.2725, and «" = 8".5776, as dotormined by liessel, Burhlmrdt, and 
Eneke, respectively, wehave, 

log. (sin 5" + k ain «") = 7.6 
log. (ain S" ~ h ain «") = 
Then will the equations of oontaot he, 

A COS P ^ a: ^ a/' 1 ,j^> 

hAn-2=y-f] ™ 

71- Solution of the equations of contact. Let the values of x, y, x", 
and y, found for a time T, taken to a whole hour near the time of new 
moon, he p, q, u, and if, respectively, and let their average hourly variations 
hotweea the time T and another time '^ -\- t,\xi jl , i^ , u', and i/. Then, 
at the time T -|- (, we shall have, x :^p 4* ^h ff ^^ 2 4" s'^i *" ^ *( + m'^i 
and y ^^ u -[- if'(. Consequently, if T -]- ^ be the time of contact, the 
equations of contact (N), will hccome, 

i.mP=5-. + (s'-.')l/ ^'> 

The values of p' and if may he found hy the formula (App. 64 E). 
To obtain expressions for m' and i>', let c he the hourly variation of (y, — a.) 
Taking for (/i — a) and d, their values at the time T, we have, for that 
time (App. 69 G-), 

a/' = p cos 4.' sin {y. — a) 

y = p sin $' cos (^ — p cos if' sin (^ cos (ji — «). 
And, disregarding the slight changes in the value of cos d and sin d, we 
have, at the time 'S. -\- t, 

a/' ;= p cos $' sin (/t — « -|- ic) 

y ^ 8 ain ^' cos tf — p cos $' sin (J cos (/i — a -|- (c). 
Hence (App. 64), 

»' z= p cos *' smfr-'' + fe)-sin(^-«) 

, . cos (^ — a) — cos (^ — « + fc) 
11' = p cos ?>' sm (J ■■ " ■ — ■■ — — — i^^ ■ . 

But (App. 21 & 23), sin (j^ — a^iA)~ sin (/t — «) ^ 2 ain ^ «; 
cos 0^ -~ » + J 'c)j '^'^'i "''^ iy-^ "^ — '30^ (f' — a -^ to) ^ 2 sin ij- fc 
sin ((U — a + J (c). Hence, 
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» ^: P COS ?! Sin li — — . sm (/I — a-\- itc). 

When the arc J (c is very smaJI, we may take the arc itself instead of 
its sine. Hence, in this ease, if the arc he expressed in seconds, we shall 

h.ve (App. 61), "° = 206^», = SmW Cooseqienllj, tiiog 

( ^ o, in (^ ■ — a -|- J (c), we have, for the hourly variation at the time T, 

"'-'"■ »'»■»((•-•■)• 206265"! 

c \ (Q) 

Assume ^ — « = m ain M, ^' — w' ^:= « sin N "1 , 

j^»=„».M, /-.■ = ».„») ■■•(=) 
Then the equations of contact (0), will become, 
A cos P = m Bin M + «i sin N -I 

ftsinP^mcoaM + KicoaNJ "^ -' 

Multiplying the first of these by cos N, and the second by sin N", and 
subtracting the seoond product from the first ; and multiplying the first by 
sin N, and the second by cos N, and adding the products, we have, by 
putting P + N = 4, 

Acos + = ™sin(M-N) -1 

7i sin 4 = m cos (M — N) + w; / '^^^ 

Hence, 

_ m sin (M - N ) 



t = - 



3 (M — N) 



As the cosine of a negative arc is the same as that of ai 
of the same numerical value, the arc 4, and, consequently, tie last term 
of the expression for t, may be either affirmative or negative. We mav, 
however, always take the arc 4 affirmative and not exceeding ISO", pro- 
vided we prefix tlie double sign to the last term of the expre^on for (. 
We shall thus have, 

^ m cos (M — N) _ 7i sJn 4 

If, instead of A, its value, found from the first of the equations (T), be 
expression for t becomes, 
^ »coa(M-Nq:4) 
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Collecting tie equations, we have, 
.n. J, - "» cos ( M - N) 



IS (M — N) _ 7t sin 4 



and, T -)- i :^= time of contact 

The li^pef sign is to be taken for the heginning of the eclipse, and the 
lower for the end. 

Taking for A, its value for internal contact, these formulje also serve to 
find the times at which the eclipse, when it is amular or total, begins oi- 

Eemarles. As the valnes of N and m depend on those of ji', (/, v,', and v 
(R), and these depend on the required time T -(- (, it is evident that this 
time cannot be truly obtained by a simple computation of the formulas. 
But, by computing the values of N and n with the valnes off/, q', v!, and i/, 
found for the time T (App. 64 F & 71 Q), and taking the value of It for 
the same time, an approximate value of T -(- ' will be obtained, which 
will never deviate more than a few minutes from the true value Then, 
by repeating the computation with the values otp', 5' u', and ■>/, found foi 
this approsiimate time T -\- t, (App. 64 E & 71 P), and with the value 
of h for the same time, a second approximate tinio T -|- ', 'Will be obtained, 
whieh will be very nearly true. If greater accuracy is desired, the com- 
putation may be again repeated. 

When great precision is desired, it is best, after the second approximati' 
value of T -|- i has been found as above, to take p and g to stand for the 
values of x and y, computed for this time (App. 61 D), and 11 and i< for 
the values of a/' and y", computed with the values of (ft — ■ d) and d, at the 
same time. Then using these values of (/i — a) and d, find j/, g', m', and 
1/ by the formuhe (App. 65 G & 71 Q), and with tJie values thus obtained, 
compute M, m, N and n. Taking, now, T to represent the second ap- 
proximate value of T -j- (, and completing the computation, using the 
value of h at this time, we obtain T + (, the time of contact, with great 
accuracy. The error arising from disregarding the changes in the values 
of cos d and sin d is thus avoided. 

When only an approximate calculation of the eclipse is intended, it 
will bo sufficient to calculate the values of x and y, only for the times T 
and T -f- 11"'- The value of x, at the time T will bc^, and that of »/ at 
the same time, will be g. The first value of ic, subtracted from the second, 
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will givep*, and the first value of y, subtracted from tlie second, will give 
3'. These values of y and <[ may lie regarded as constant during the 
eclipse. 

Second Solution. By substituting iu equations (0), only the assumed 
values of (p' — j/) and (3" — t/), we have, 
h. 00a P =p — M + m( ain N 
ft wn P ^^ 5 — 11 -|- n( ccB N. 
Multiplying tbe firat by cos N, and second, by sin N, and subtracting the 
second product irom the first, we obtain, 

A cos (P + N) = O ~ «) cos N - (2 - «) si 



cos 4 : 



= (p-^JcotN^Cg-^) ^^ ^_ 



And from the first of equations (0), ^ 



1 P + N = =i= 4, we have P c:=: — N =p 4 = — (N" ± 4), 
- cos (N H; 4). Cousequently, collecting tbe equations, we 



T + i ^ time of contact J 

72. Nearest apparent approaiJi of the centres. Expressing the values 
of X, y, ^' and /' at a time T + (*, as for the time T -|- (, in the last 
article, and substituting them in (App. 70 H), we have, 

TJcosP=i.-« + (p' -«')■(■ 
U sin P = y - r + (,;'- j/). «■ 
or, U cos P = m. sin M + ni sin N" 
U sin P = m cos M + ni oos N". 
From which we obtain, 

U cos 4 = m sin (M — N) 
U sin 4 = m cos (M — N) + vi. 
Adding together the squares of these equations, wo have, 

U= ^ m" sin" (M — N) + ( i» cos (M — N) + mC)^. 
Jfl^ow as the squares of real quantities are always affirmative, it is evi- 
dent that U must have its least value when m cos (M — N) ^ n^ -.= 0. 
And then U — ± w* sin (M — N) = ± A oos 4. But when U or AD 
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Fig. 63, is least, the apparent distance of tte centres of the sun and 
moon muat he least. Hence, for the time of the nearest approach of the 
centres, we have, 

_ _ mco.(M-S) 1 



^ (;-»)oo'M + (?-») 



S \ (T) 



X J- / = time of nearest approach 

TI = ± A cos 4r J 

As the least value of TJ is ± m sin (M — N), it evidently follows, 
that if, at the time of nearest approach of the centres, the value of m siu 
(M — ■ N) is greater tlian the value of h, for external contact, there cannot 
he an eclipse. If at that time it is less than the value of 7t for internal 
contact, the eclipse will he either annular oi total. 

73. Quantity of tlie eclipse. Let the straight line a"c he drawn in the 
plane ADS, Fig. 63, touching the noon near d. Then it is manifest, 
that when the point a" coincides with A, the circular segment maitO of 
the sun's disc, must be eclipsed at that place. We may, without material 
error, assume that the three lines aG, a"c, and hli, all out one another at 
the point d, and that the small angles 3dG and Gdc, or their equals adb 
and ada", are proportional to the sides suhfending them. Hence, putting 
w for the digits eclipsed, we have, ab : aa" : : adh : adci' : : Bt^C r Qdc : : 
2SC : Oc L 12 : lu. Or, 

aa" ,„ aD-a"D ._-.o <»P~a"D _ 12(fe-a"I>) 
^ ab ^ oD + D6 ~ oD + a'D ~ A -f- A' ' 

Bat regarding /' as equal to/, from which it differs hut little (App. 70 

1 & K), we have (App. 70 L), A + A' = 2 {z tang f—^' tang /) =: 

2 A — A see /). Also, when a" eoineides with A, we have a"J) = U. 

_ 6 (A ~ U) 
"'"A — ftsec/ 
Substituting the value of U at the time of nearest approach of the 
centres, (71 V), we have, 

_ 6 (/i =i= A cos ji) ___ 6 A (1 — cos 4.) 
'^~ A — 7c sec/ ^" h — k&ttf 
Or (App. 8 & 9), 

_ 12 A sin^ H 12 A cos° ^4- ^Tp. 

""" A — isec/'"''' A — isee/ ^^ 

"She first or &ecoad expression is to be used, according as 4 is Zess or 
greaier tlian 90°. 
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74. Position of &e point of contact. As the earth's radius ii 
in comparison with the distanco of the celestial sphere, AX, AY, and AZ, 
Fig. 64, may he regarded as parallel to OX, OT, and OZ, and, conse- 
quently, as com«ponding to AX", AY", and AZ", Fiy. 63. The line AZ 
being parallel to OZ, it must he parallel to MS, and must, therefore, be in 
the same plane with Am. and As. Consequently, the plane ZAm, which 
passes through the moon's apparent centre m, passes also through the sun's 
apparent centre s, and, therefore, through the point of apparent contact. 

Let Zsm and Tta be arcs of great circles. Then the angle PZm will be 
the angular distance of the point of contact from the declination circle PB, 
passing through the point Z, and the angle oZire will he i(S angolar dis- 
tance from the vertical circle aZ, passing through the same point. But 
the distance of Z from s, at the time of an eclipse, never esceeds a few 
seconds.* We may, therefore, regard the angles PZm and aZm as ex- 
pressing respectively the angular distances of (he point of contact from a 
declination circle and a vertical circle, both passing through ite apparent 
centre of the sun. 

Now the angle PZm ia the angle made hy the plane ZAm with the 
plane ZAY, which is equal to the angle made by the plane Z"AMS, Fiy. 
eS, with the plane Z"AY". Therefore, the angle PZm is equal to the 
complement of the angle made by the plane Z"AMS with the plane 
Z"AX", and, consequently, it is equal to 90" — P. But P ^: ^^ — N ; or, 
since ^ is negative for the beginning of the eclipse, and affirmative for the 
end, P = =F ^x — N. Hence, PZm = 90° + N i 4. 

Put P' = PZm = angular distance of point of contact from the norlh 
point of the sun's disc, to the left, V =■ oZm ^z; angular distance of the 
point of contact from the sun's vertex, to the left, and Q = PZa. Then, 
Y ^ P* ■ — Q. Consequently, we Lave the following expressions, in 
which, the upper sign appertains to the beginning of the eclipse, and the 
lower, to the end. 



» Since MS ie parallel to AZ, the angle sAZ = ASM. But when a 
A, Fiy. 63, we have ABM = oSM = bEM — SaC = / — lT, very m 
Fit/. 64, iZ = ang. »AZ = /—/■. Now, sin / = i- (ain r -|- . 



(si„ /• + i ain ^) _ """ '' +-' ^"--^ .in r + '- 


^W;i^''; or, taking arcs 


instead of sines, / = ^ + -^41-^' '«"'/-'' = - 


''\ + f: Consequently, sZ = 


''L±J^; tie greatest value of which ia about 5". 
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F = 90' + ^f ± + \ ,xi 

V = 90° + N ± 4^ — Q J 

To find Q, we have, from the spherical triangle ZPa (App. Ii7), 

cotPa sin PZ ^ cos ZPa cos PZ tang?> eosrf— sin<^ cos f^— n) 

COtPZ,.::.--— ^-j-^j,^ -.^^^_^^ 

or, tog Q = ^^^^^ ^ ^^^ rJii^/L (^ - .) ^^ 

If we multiply both numerator and denominator of the valne of tang Q, 
by p cos ^, the products will only differ from the values of a^' and y, by 
having $ instead of ^'. Hence, 

tang Q = — nearly (Z) 

Hfmaric The data for computing an eclipse by the preeeding formulae 
are eas ly obta mi f om ike \a al \.lmanac, aa the moon's right aaoen- 
B on and decimal n e here g en for every hour. In the Berlin Ephe- 
me he valu ■i oi x j I log ^nl log. tang/, for al! important 
eel pa are g en for ve al con ecuhve whole hours near to the time 
of new noon Th a very much fa htates the computation.* 

76 her /in- n 1 6 fo Ji d j he 7iies of fite quantities contained in 
tl e egvaiw -s of otUact The equations of contact depend on the relative 
positions of the sun and moon. Hence, as the sun's parallax is very small, 
it is evident that the pquations must still lie very nearly true, if, in finding 
the values of the quantities contained in them, the moon's parallas be 
assumed to be equal to the difference of the parallaxes of the moon and 
sun, and then the sun be regarded aa having no parallax. The error in 
the computed time of beginning or end, resulting from these assumptions, 
will not esceed a small fraction of a second. 

Tailing, therefore, h — x' instead of n, and then assiiniing jt' z= 0, we 

have, '' = TT? ^ -■ "= 0, and (E), a = A!, d =^iy, and g ^ \. 



» Tlie preoedlng method of computing a eo5ar eollpse, is dorivod from an ei- 
CBllent inveatigation of the subject by Professor Beasel, Aslr. NaeL No, 321. 

Prof. Hansen Has shown, Aair. Nash. No. 347, that, in smoU eolipaea near the 
horizon, refraction produces a sensible, though very slight influenco on the 
limes of beginning ttud end. In other eases the effect of refraction ig quite insen- 
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Therefore (G' and P), 

cos 1> sin (A — A') ■- 

_ sin D COS g — C08 J) sin D' oos (A — A') 
^ - sin (« - «') 

_ sin T) Bin F_-[- cos D cos I f cos (A — A' ) ■ 
^ - -,m («"- V) ■ J 

cos D sin (A ~ A') ^ 

' = °|.° ii° Z °)^ - '^ "'g ' (^ - A') to. D- J 
Or, without sensible error, 

_ eos D sin (A — A') -. 

^ - sin (^ -- «') 
^ sin(D _; 

cos (D-D-) .^ . , ,, 
~ sin frt — n T 2 a^ sm (A. — A ; 

of' ^ p cos.^' sin (ji. ^ A') ■^ 

y ^ p sin $' eos D' — p cos $' sin D' oos (ft ' " ' 
!k" = p sin $' sin ly + p eos .j.' cos D' cos (y. 



w 



-jf + !ar.in(A-A').mD' ^ . . . (.") 



y = p sin $' eos D' — p oos $' sin D' oos (^ ~ A') J- - . (6) 
A) J 



We tavc also (M), sin/= — ;— = sin 5', or, /— i'. And instead 

, sin S , sin S /c sin n „ 

of k, or its equal -; , we have, -. — t- ^ ,< or -. — j^. Hence, 

rejecting, in the value of I, tlie factor sec /, whicli differs eatreniely little 
from a unit, we have (M), 

^ Sin C« ~ «') V (P) 

h= I — is" tang S' ) 

Talking, for c, the hourly variation of (ji — A'), we have, for the average 
honrly variation of a/' and y, hetwoen the times T and T -|- t (P), 

, ,2 sin 1 to ^ A' I I,^ 

w' = p COS ^' cos (^ — A +i ic) 

2sini,o \ ■ ■ ¥) 

i/ ^ p cce $' sia D' ■ - cos (ji — A' -f J to) 
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And for the hourly variations at the titno T, we have (Q), 
j/ t= p cos ^' cos (y. — A') - 



^ 2002fi5" 

.=pcos^'sinD'.inCu-A')2p-2g5-. 

76. The expressions Jbr x, y, ana, z, may 6e chwiiged into others depend- 
ing on the moon's longitude and latitude. Let BQ, Mg. 65, be the equa- 
tor, EC the ecliptic, P andp their poles, aad M and 8 the places of the 
moon and eun respectively, on the supposition that the moon's latitude is 
equal to the difference of tlicir latitudes, and that the sun's latitude is 
nothing. Alao, let pPD, pMB, PMA, PSG, ME, MS, and MD, be area 
of great circles. Then, since the arc pD passes through p and P, the poles 
of EC and EQ, it is perpendicular to each of these circles, and the arcs 
EP and ED are quadrants. Put 

L ^i:^ EB ;^ moon's longitude, 

L'=ES = sun's " 

% =:= EM = moon's latitude — sun's latitude, 

£ ^= ang. DEE ^= apparent obliquity of the ecliptic. 
Then in the triangle pPM, we have (App. 34), 

cos PM = sin^P sinjsM cos PpM -f oosjiD oosjiM 
or, sin D :i^ sin e cos j, sin L -j- cos e sin x. 
In the triangle MpD, we have, 

cos DM = sin ^D sin pM cos PpM + cos pF cos pM 

But, cos DM = cos AM cos AD = cos D sin A. 
Hence, cos D sin A ^^ cos s cos >. sin L — sin i sin x. 
Again, cos AM cos AE = cos EM = cos BM cos BE, 
or, cos D cos A = cos \ cos L. 

Hence, collecting the results, we have, 

sin D = sin ( cos J. sin L + cos , sin 5. 

cos D cos A = cos ?. cos L. 
In like manner, the sun's latitude being assumed = o, we have, 

sin D* ^ sin e sin L' 

cos D' sin A' = cos i sin L' 

cos D" cos A' = cos L'. 
Now, in the triangle MPS, we have, 

cos MS ^ cos PM cos PS + sin PM sin PS cos MPS 

= sin D sin D' + cos D cos D' cos (A — A). 
But, cos MS = cos BM cos BS = cos ^ cos (L — L'). 
Hence, sin B sin D' + cos D cos D' cos (A — A'} = cos a cos (L — I/). 
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. 1 .1 J / •, "OS ?. cos (L — L') 
Aud, therefore (a), s = -. — — -^ jr — -, 

Multiplying the second of the equations (a), hy sin (rt — «') cos Tf, we 
have, 
^ein(rt— «')co3D' = sinDeo^D'— COS D cos Jy sin D' cos (A— A') 

= ain D — {cos D cos D' cos (A — A') + sin D sin D') sin D' 

= sin D — cos ^ 003 (L ~ L') sin IV 

^^ sin s cos Ji f sin L — cos (L — L') sin L'^ -j- cos s siu ?. 

= ria . cos 1 .0, U sin (L - L') + .0, . .in >. 
Also, multiplying the first of equations (a), by sjn (n — n') cos D', we 
have, X sin (n — rt') COS IV :^ COS D cos D' sin (A — A') 

=^ cos D sin A cos D' cos A' — cos D cos A cos D" sin A' 

= cos I cos \ (sin L cos L' — cos L sin L') — sin t sin a cos 1/ 

= cos f cos X sin (L — L') — sin t sin % cos L'. 



Hence we have. 



1(1- 



sin £ 01 


CO. ly sin (« - ,') 
,. » 00. L' sin (L - L') + cos 


f sin !. 


COS.. 


CO. D' sin («-«■) 
0, fL - V) 





■ (/) 



sm (« — «') J 

As at the time of an eclijise, ?, and (L — L') are always small arcs, we 
may, for an appitiximate calculation, regard the cosine of each as equal 
to a unit. We shall then have, hy taking Ji, (L — L') and (rf -^ «') in 

seconds, instead of their sines, and putting C ^= - 



■ (H - n') COS F ' 

a: = Q. (L — V) — 0. %. tang . cos I 

y = C. (L - L') tang * cos L' + C. u ^ 



- sin (. - /) 

77. Cewfo'o^ Eclipse. If, during an eclipse, the line SM, produced, 
J\\?. 63, meets the earth, there liiust evidently he a central eclipse along 
the line in which it meets the illuminated surface, in its passage across 
this surface. Let SM, produced, meet the plane XOY in ly, and let A' 
be the point in which OD" intersects the earth's surface. Then, since IXS 
is parallel to OZ, it must be perpendicular to the plane XOY, and conse- 
quentlj OJV is perpendicular to lyS. The central eclipse must, therefore, 
be^n or end when D" coincides with A'. Draw Ay pai'allel to TO. 
Then, when C coincides with A', we have x ^= Op' ^= a/', and y =^ A'y 



,v Google 



APPENDIX TO PART I. 255 

= y . Put P = angle IXOX. Then Op' == OA' cos P = p cob P, and 
Alp' ;= OA' sin P :zzi p sin P. Hence, for the beginning or end of the 
central eclipse we have, 

,»,p = « = «" 1 

, ■«>? = , = y' / "•' 

Take T, js, and q, as in (App. 71), and lety andj' he tie hourly varia- 
tions of X and y, at the time T. Then, as great accuracy is not important 
in inTestigatioHB and computations relative to the general eclipse, we may 
regard// and g' as constant. We shall, therefore, at a tJme T -|- t, have 
x^p -{- j/t, and J/ ^q -\- (/t. Put 

p = msinM, p'^^sinN ) 

y — OT COS M, 5' ~ n 003 N / ' ' ■ ' ^ ■' 

Then a; = m sin M -f Mi sin N, and y -= m cos M -^ nt cos N. 
Henee, if T -[- ' i^e the time of heginning or end of tlie central eclipse, 
we have, 

,»>P = »,smM + »l.mN ) 

,«mP = moosM + .Uoo>N J ^' 

Consequently, as, in (App. 71), We obtain 



Since, for the place A', a" ^^ 0, and ((/}, a/' :^ p cos P, and y ^ p sin 
P, we have (6), 

cos P = cos ^' sin (ji ^ A') ^ 

sin P ^ sin ^' cos ly — eos *' sin D" cos (fi — A') >- . . (I) 
^ sin ^' sin F + cos ^' cos D' cos (V — A') ) 
Multapljjng the second equatloa hj cos J>', and the third hy sin TY, 
and adding the products, we have, 

sin,'=.inPoo.D' (m) 

Prora the third equation of (I), we have, — sin ^' tang D' = coa f' cos 
{^ — A')- But (m), — sin f' tang IK = ~ sin P sin IX. Hence, 
— sin P sin B' ^^ oos ^' cos (ft — A'). Dividing this into the first of 
equations (t), we obtain, 

, , cot P , , 

tang, (ft — A = — -j~jj>- W 

Dividing tho third of the equations (J), by cos ^' sin D', and transposing, 
we have, 

tang. / == — cot D' eos (^ — A') (p) 
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Taking p = 1, we find, from the equations (k), the times very nearly, at 
which the central eclipse for tho earth in general, begins and ends. The 
values of (ft — A'), found from (n), subtracted from ita values at the first 
meridian, at the times T -|- (, give the longitudes of the places at which 
the eclipse begins and ceases to be central ; the longitude being mesi or 
east, according as the remainder is offirmadve or negative. The geocen- 
tric latitudes of the places may be found either from equation (wi), or (p). 

If greater accuracy is desired, we may, after finding the value of ^ (Jc), 
compute the Talue of 4' (m), and then, after having found the correspond- 
ing value of p from a ta,ble of its value,* mate the computation with 
this value. 

78. To find a series 0/ places, al which the eclipse will be central. It is 
evident that, at the time an eclipso is central at any place A, we have x = 
lk", and y = y. Hence, taking the values of a; and y, as in the last article, 

m sin M + "* sin N" ^ p cos ^' sin (n — A') 

m cos M + "' cos N =z p sin $' cos IX — p cos f' sin D' cos (^ — - A'). 

Multiplying the first by cos N, and second by sin N, and subtracting 
tho first product from the second, and then multiplying the first by sin N, 
and second by cos N, and adding the products, we obtain, 
— m sin (M — N) = p sin 4^' cos D' sin M — p cos ?-' 

(sin (^ - A') cos N + sin ly sin N cos (^ - A')) 
and m cos (M — N) + ™( = p sin *' cos D' cos N + p cos $' 

/sin (^ - A') sin N - sin IX cos N cos (^ - A')) 
Put sin D' sin N = m' sin M', sin D" cos N = »' sin N', 
cos N = m,' cos M', sin N = m' cos W. 

Then,— msinCM— N)^psin?'co3D'sinN— pm'cos^'sinffi— A'-|-M'), 
)s (M — K) 4-™; — p sin ^>'cos ly cos N -|- p n' cos $' sin (^— A'— N')- 



COS jy sm N 
n(^'— B)cosD'sinN 



Then, — m da (M — N) = pb sin {'f' — B) = 



n cos (M — N) -f m(= p sin $' cos B' cos N + p»' cos $' ain (ft — A'— NO- 
Hence, mt {p' — B) =^ jy . — sr ^*>^ -^ 



moos(M--N)j 



)s$'sin(^— A'— NO- 
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Let H = the value of the hour angle (y. — A')i s* * required place, at 

the time the eclipse is central there, H' :^ its value at the first meridian at 

the time T, and ». = the longitude of the required place. Then, li' + 15( 

„, 15 M coa (M ~ N) , . , 15 cos B' oos N , , . 

= H' „^ + P sm f' -; h p cos -t' sin 



Consequently, 

15»icos(M— N) UoobD'cosN, , , ^„ ,„, 15"' 

x = H'~ J _'+ 5 sin »'____- +jco3^'gin(II-S') — - 

„, 15mcos(M — N) , .„ , . , 15 COS F COS N" 



+ p cos f' sin (H - N') ~ - (11 + M'). 
Put H"=II'— •^^""^°^'^^^~'^^ + W,Jj = li + W = ^~A' 

+ w, 8=M' + w, B' =_^_, c'=~^ ;';g^7^l E'= 

16 COS D' cos N^ ^^^ F = ^. Then, L - S ^ (H + M') - (M' 

-|- N') :^ H — W. Hence, assuming p ^i:^ 1, we Lave, by substitution, 

tang B = B' sin L -\ 

sin (t' - B) ^ C cos B I (q) 

^ = 1-1" + E'sin p' + Fco8$'sin(L — S) — L) 

The quantities H" and S and the logarithms of B', C, E', and F', being 

computed for the time T, may be regarded as constant throughout the 

eclipse. Let the values of L, at the times of beginning and end of the 

central eclipse be obtained, by adding M' to the value of (fi — A'}, as 

found hy (n) of the last article, for each of these limes. Then, assuming 

for L, any intermediate value, and finding B, from the first of equations (g), 

we obtain $' from the second, and ^ from tic third; and these are the 

geocentric latitude and the longitude of the place at which the eclipse ia 

central, when L has this assumed value. By assuming for L a series of 

values between the extremes mentioned above, a corresponding series of 

places at which the eclipse will be central may be found. 

Taking h = z tang/— /c sec/, which is its value for internal contact, 
except that the small term ^' tang/is omitted, and then putting C = 

^^^-7 ■■ L~ - , the formulse (5), serve to find a series of places 

in the northern or southern limit of visibility of the annular or total 
eclipse. For an annular eclipse, the upper sign corresponds to a place in 
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tho iiOTtliern limit, and the lower, to one iu the southern limit. Tlio con- 
trary has place for a total eclipse. 

When a series of places at wliicli tho eclipse will be central haa been 
found, if a curve line he drawn through their positions on a map, it will 
represent the line of tho central eclipse. 

If a series of places in the northern, and also ia the southern limit of 
annular or total visibility, bo found, and lines be drawu through their posi- 
tions, they will bound the narrow portion of the earth's surface, within 
which, the eclipse is annular or total, as in Fig. 60, which applies to the 
eclipse in May, 1836.* 

Ifote. The arcs B and ($' — B) in formula) (j), may each bo taken 
less than 90°, being marked affirmative or negative according to the sign 
of the tangent or sine. 

79. Occvllations. If, instead of the quantities referring to the sun, 
those referring to a star or planet be taken, the formnlte obtained for com- 
puting an eclipse of the sun will also be applicable to the computation of 
an occultation of the star or planet. 

For a star, as its diameter and parallax are insensible, we have, r ^^ o, 
a=A;d = iy> /= o,l = k,h = l = Ic = 0.2726. Also, as the star's 
right ascension A', does not sensibly change during the continuance of an 
occultation, we have, the hourly variation of (ji — A') = 15° 2' 27".84 = 
54147".84. Hence, 

COB D sin (A — A') 



" (D - D') 



g J (A -A') sin D' 



a 4>' sin (fi. — A') 

1 4.' cos ly — p cos ?' sin IV cos (^ — A') 



niy^-^°<'-7^^"-^^>sin(,-A' + /,2T073".92) 



» For the inveadgation of formulo3 for deteriaining the e: 
and other circumstances relative to the genera! eclipse, as : 
the student may be referred to Woolhonse's Tract on Eclipses, which forms the 
Apuenclis to the Nautical Almanac for 1886. This snhjeot has also been very 
Mlj invesligated by Prof. Hanaan in tbe AsCi: Nach. Nob. 339 to 342. 
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The podtiou of the point of contact, in an occultation, is usually denoted, 
by giving its distance from the north point, or from the vertex of tho 
moon's disc. The expression for this, wUl evidently be ohtMned, very 
nearly, by subtracting 180° from the espression for the position of tho 
point of contact in an eclipse of the sun. We shall thus have, if P' and T 
now refer to tho north point and vertes of tie moon's diac, 

V = N ± 4 — 90= — Q. 
The first expresses the distance to the k/t of the north point of the 
moon's disc, and the latter, tho distance to the k/t of the vertex.* 

80. Transits of Mercw^ and Venm. Instead of the quantities which 
have referred to the moon, using those that refer to the planet, and taking 
h = 0.3766 for Mercury, and 0.9617 for Venus, the formulae obtained for 
an eclipse of the sun, will serve to calculate a transit of either of these 
planets; observing, however, that the values of a, d, and g, must be ob- 
tained from the formulso (D), and not from the approsimate formulae (E). 

81. Fhrmidm for computing an observed eclipse of th^ sun. Let T be 
the observed mean time of beginning or end of the eclipse at a place whose 
latitude is known, T a mean time at the first meridian, taltcn to a whole 
hour near to the time of new moon, T -|- ' the mean time at tho first 
meridian, corresponding to tho time T', and d' := T' — (T + ')■ Then 
will (? be the longitude in time of tho place at which the eclipse is ob- 
served ; it being east if affirmative, but wesi if negative. 

Let p and g be the values of x and y at the timo T, and p' and §' their 
average hourly variations between the times T and T -|- (. Then, at the 
time T -j- i, we have, x^ p -\- fit, and y = g-\- ^i. Consequently, 
taking for x", y, and A, their values at this time, the equations of contact 
wiU be (App. 70 N), 

AcosP^p-a/'+yn 

AsinP=:2-/' + 3'0 ^^ 

Put J3 — a^' = m sin M, p' = n sin N "I 

g_y"=™COsM, 2'=«C0SK/ ^^ 

Then, A cos P = ni sin M + 



1 cos M + ji( e«i N J 



(0 



=> Data are given in tJio Berlin Ephemeria, by which the compntations of tha 
principa,! occultatioaa that ooour iu tlie year, is greatly facilitated. These also 
inclade data, adapted to formalsa investigated by Prof. Hansen, in the Astr. Nach. 
No. 360, by means of wMeh the position of tie point of contact witli referenae to 
the eontiguous apote on the moon's diso, is easily computed. 
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in (App, 71), 
11 (M — N) 



_ OT, cos (M — PT + 4) 
^ «. cos + 

And, conseriuently, d' = T^T + "^ ""^ ^^~^ ^ '^'^ 

To make the pomputation, tLe utiierved time of beginning or end may 
be reduced to the time T + (, at tlie first meridian, hy using an assumed 
longitude of tlie place. Then, haying found the values y, /, a^', ji", ^', 
and A, for this time, and computed the values M, m, N, and n, from (s), 
we End d' from («). If d', tlius found, does not differ more than a few 
minutes from the assumed longitude, it may he regarded as the true longi- 
tude, as obtained from the observation. But if d' differs considerably from 
d longitude, the computation should be repeated, tating (? as the 
d longitude. When the beginning and end have both been observed, 
the computation should be made for each, and the mean of the two results 
be taken as the longitude of the place. 

82. As the solar and lunar fables cannot be regarded as perfectly accu- 
rate, the longitude obtained as above is liable to a small error depending 
on little errors in the elements used in the computation. But when the 
eclipse has also been observed at Observatories or other places whose posi- 
tions are accurately known, the means are afforded of correcting the result 
for the principal errors in the elements. Those liable to the greatest errors, 
though these are but small, are the right ascension and declination of the 
moon. 

Let aA and eJ) be the correcti n^> which o ight to be ajplied to A and D, 
the computed right aMccn'uoii and dcohmtion of the m □ =o that A + 
aA, and D -)- aD, may be the tiuo values The ¥t.]uli of j: andy, or 
their representatives ^ and q will require correcticns depending on the 
corrections aA and aB In obti nmg them we m v without material 

error, take, for^ and g the approximate es[ lesMons p = i i 

and .2=: — — , deduced fiom the equations (Aj p. hJ T). feuUtituting, 

in the first of these, A -f aA for A, and, in the second, D 4- aD for D, 
we have, 

cos D (A — g + aA) _ c os D (A — g) cos D aA 

D — <i: + aD_B — tf , aD 
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Coiisec[uently, neglecting the estremely small correction that would be 

^ , COS D aA 

produced b j the oorreotion of D, in the factor cos D, the terms — 

and are the corrections of p and j- Or, putting u sin n for k (App. 



correction of ^ - 



The correction of z may he omitted, aa proc 
on the value of h, (App. 70 M). 

Let and S be two unknowu quantities w 
of aA and aD, and assume. 



iug soarcely any influence 
se values depend on th(Ke 



■ sin N. I 



sN. S = 



sB aA 



IS K. 3 + ji si 



iN. 5^-.- 



1 aD 



(v>) 



Applying the corrections of p and g, thus expressed, to the equations 
(t), we have, 

A cos P = m. sin M + n( sin N + ?i sin N. p — m cos N. i \ 
A sin P ^ 1/1 COB M + nt COS N + )i cos N, p -f- w sin N. S J 
Whence we obtain, 

h cos (P + N) = m sin (M — N) — nS 
h aia (P + N) = m coa (M — N) + «( + w3 
.res of those, added ti 



-nsy 



The 51 
h!> = (m cos (M — N) + «( + npy + (m sin (M — N) 

Hence, putting h cos -i instead of its value, m sin (M — N), we have. 

Extracting the square root, and observing that, as 8 isavery small quan- 
tity, the terms involving its square and higher powers maybe omitted, we 
obtain, 

mcos(M— F)+n' + n3^^Bin4+%^-^ = AsiIl4 + 
IIcnce, regarding 4. as always afRrmativo and les 
placing the double sign before the terms involving its 
in (App. 70), we have, 



tang 4 
than 180°, and 
le or tangent, !ks 
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262 ASTRONOMY. 

, ^ _ »m™(M_Nj£4) ^ ^ s„ 
IS COS 4 tang + 

' m COS ■}- tang + 

Lot s ;= 3600 ^= numlDer of seconds h an liour, and let the terms c 
neeted with T — T be multiplied by s. Then will the terms he 
pressed in seconds, and the expression for d' will be, 

' n cos 4 tang 4- 

Now, from equations (t;), we ohtaia, 

3 = -. — - , ("sin N cos D. a A + cos N. aD) 

ansiRit ^ -^ 

S = ■ K—. (sin N. aD — COS JS" eos D. aA) 



Put f = sin N cos D. aA + eos N. aD 
f = sin N. aI> — eos N cos D. aA 



(^) 



Then, by substitution in (x), we have, 

J = T.__T + ^.°2ifc|^ii> + a.±« . . (.) 

When the times of beginning and end of the eclipse have been observed 
at a place whose longitude (f is accurately known, we shall, by making 
the computations for these times and this place and taking for (f its known 
value, have two equations containing the unknown quantities t and f, from 
which their values may be found. When tk Ip has been w 1! I i 

at a number of places whose positions tely kn wn t bett 

to make the computations for several of f h 1 th btain n m b 

of equations containji g ndffm pp bntnfwhh 

their values may be m at t ly bt 1 

When the values of nd f h b n f 1 ly mp t t f plac 
whose positions are kn wn n ! b tit t d ( ") th f m 1 w II 
the longitude for any th pi ce t wl h th 1 p 1 h 1 d 

with the corrootions for the errors m the m mp t d ght 

and declination, 

With the values of r and f, the valu t A ID \ i t d 
from the first two equations of (y). 

83. Observed occvUation of a star. The formulae that have been ob- 
tained for compntdng an observed eclipae of the sun, serve also for the 
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computatioa of an observed ocoultation of a star, using the data for tho 
star instoad of those for the sun.* 



* TIiB formulio for eomputiag an obserTed eclipse or ocoultation, iaye been de- 
rived from an oscoUent Tract by Prof. Bcsael, Astt. Nach. Kos. 161 and 152. In 
tJiia Iraot, the inTestigationa ai-e extended bo as to notice errors in soma of tie 
other elementa obtained from the tables. 

For all important eclipses of the sun, the yalues of N aiid k are given in 
tho Berlin Epiicmeria, for Beveral oonsecntiye whole tours, near to the time of 
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ELEMENTARY TKEATISE 



ASTRONOMT. 



PAHT 11. 



Caialogue of ike Tables, with occasional dbservatwnn. 
TABLES r. and 11. 

Logarithms and logaritlimic Sines and Tangents, U) four decimal figures. 
To avoid an extra line of figures, the 10 in tie index of the tangents and 
cotangents has been rejected, when the index exceeded 10. 

TABLES rn., IV., and V. 

Log. tangent of the Obliquity of the Ecliptic— Log. A = log. cosine 
of obliquity of the ecliptic Ipss log. of the difference of the moon's and 
sun's parallaxes, and log. B =^ arith. coinp. l'>g. sine of difference of the pa- 
rallaxes. — Log. tangent of sun's semidiaraeter. 

TABLE VI. 

Latitudes of a number of places with their longitudes from the meridian 
of G-reenwich. 

The latitudes and longitudes of several of the places in the United 
States are given according fn the determinations of E. T. Paine, the former 
editor of the astronomical part of the American Almanac, a valuable work, 
published annually in Boston. 

X 34 265 
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TABLE VII. 



Mean Efifraclions with the corrections due to given changes in the states 
of the bai'OTnoter and tliermometer. 

TABLE Tin. 
Sun's Parallas in Altitude. 

TABLE IX. 
Mean Eight Aacensions and Declinations of 30 principal Fixed Stars for 
the beginning of the year 1850, with their Annual Variations; also, 
ausiliary quantities to facilitate the computations of their aberrations and 
Butations. North declination is indicated bj the sign plus, and South 
declination hy the sign mimts. 

TABLES X. and XL 

These serve to convert intervals of mean solar time into equivalent 
intervals of sidereal time, and tie contrary, 

TABLES XII. to XV., inclusive. 
Auxiliary tables, for the computations of Solar Eclipses, and Occultations. 

TABLE XVL 

Eeduetions of the Moon's Varallas and of tlie latitude of a place, and 
also the logarithms of the earth's radius, according to the compression ^Jg. 

TABLE XVII. 

Logarithms to be added to the logarithmic cosme and sine of the geogra- 
phic latitude of a place, to obtain the loginthrai of p cos ^' and p sin $'; 
in which p is the radius of the t irth tt the place, and ^' the geocentric 
latitude. 

TABLES XVIIL to XXI., inclu^vo. 

These serve to find the time of New or Full Moon in any month approsi- 
mately, or within a few minutes of tho true time. 

The time of mean new moon, in January of each year, as ^ven in table 
XVIIL, has been diminished by 15 hours. These 15 tours have been 
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added to the equations in table XXI. Thus, 4Ii. 20m. has been added to 
the first equations; lOh. 10m. to tbe second; 10 minutes to the third; 
and 20 minutes to the fourth. By this means, the equations are all made 
additive. 

TABLES XXII. to XXXI., inclusive. 

These are approximate Solar Tables, by which the sun's true longitude, 
hourly motion, semidiameter and radius vector, and the apparent obliquity 
of the ecliptic, may be determined for a given time, very nearly. 

The Sun's Mean Lonytude the lon^tude of the perigue, and Argu 
menta for finding wme of the small equations of the sun i place given m 
teble XXII., are all computed f ii mean noon at the meiiliin of Gieen 
wich, on the first of Jmuary foi common year-, ind on the second of 
January for bissextiles Tho sun a longitudes and thi, longitudes of his 
perigee have eaeh been d minished by i° As eath is dimini'ihod by the 
same quantity, the mean anomalj, which is obtained by subtracting the 
longitude of the pengee from tho sun n longitude, and whuJi is the iigu 
ment for the equation of the centre la not affected The Argument I 
is for the equation depend ng on the action of the moon, Argument IE 
is for that depending ou thi, iction ot Jupiter Argument III is fir that 
depending on the aLtion of Venus, and Aigument N, is for the Nutation, 
or equation of the equinoxes. 

Of the 2° which hafe been subtracted from the sun's mean longitudes, 
1° 59' 30" is added to the equation of the centre, and 10" to each of the 
small equations due to the actions of the Moon, Jupiter, and Venus. 

TABLES XXXn, to LXIV., inelusm 

Approximate Lunar Tables, by which the moon's true longituic, lati 
tude, horizontal parallax, semidiameter and hourly motions m longitude 
and latitude for a given time, may be determined, very nearly 

The Epochs of the Moon's Mean Longitude, and of the Aiguments for 
finding the Equations which are necessary in determining the True Longi- 
tude and Latitude of the Moon given in table XXXII., are all computed 
for mean noon at the meridian of Greenwich, on the first of January for 
Qommon years, and on the second of January for bissextiles. The Argu- 
ment for the Evection is diminished by 29', the Anomaly by 1° 59', the 
Argument for the Variation by 8° 59', the Mean Longitude by 9° 44'; 
and the Supplement of the Node is increased by 7'. This is done to 
balance the quantities which are applied to difi'erent equations to render 
them affirmative. 
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TABLE LXV. 
Five pages of the Nautical Almanac, for the month of May, 1836. 

TABLES LXVI., LXTII., and LXVIII. 
Tables of Seoond, Third, and Fourth Differences; useful in finding, 
from the Nautical Almanac, the moon's longitude or latitude for any inter- 
mediate time between noon and midnight. 

TABLES LXIX,, to LXXIX., inclusive. 
Approximate tables for the planet Mercury; including also a Bmal! table 
oontaiuing the Heliocentric Longitude, Latitudp, &o., of the planet Venus 
at the times of Transit oyer the sun's disc in 1874 and 1882. 

TABLE LXXS. 
Logistical Logarithms. This table is conyenient in working proportions 
when the terms are minutes and seconds, or degrees and minutes, or hours 
and minutes. 

TABLF, LXXXL 

Keduetion to the Meridian. (Sec Problem XXX.) 

PRELIMINARY OBSERVATIOMS, 

It is frequently convenient to regard quantities as separated into two 
claaaes ; those of one class being called ajii-tttalive, and those of the other 
negative. Thus, a right line or an arc of a ciicle, t^ken in one direction, 
being regarded as affirmative, a line or arc taken in the opposite direction, 
is regarded as negative. An affirmative quantity is denoted by having the 
sign -|-, called the affirmative or plus sign, prefixed to it, and a negative 
quantity by having the sign — , called the negative or minus sign, prefixed 
to it. Before an afErmative quantity the sign is frequently omitted, it 
being understood to bo affirmative if neither sign is prefixed ; but before a 
negative quantity the sign must always be expressed. 

If an affirmative arc, and a negative are, equal to the supplement of the 
former to 860°, both commence at the same point in the circumference of 
a circle, they must also both terminate at the same point. We may, there- 
fore, denote the position of a point in the circumference with rofcrenoe to 
a given or fixed point, either by an affirmative arc or by a negative one 
equal to its supplement to 360°. Thus, supposing the affirmative arc t« 
be '^Qi" 47', we may substitute in place of it, — 65° 13'. 

To add quantities, having regard to l!teir signs. When all the quanti- 
ties have the same sign, add them as in common arithmetic, and prefix 
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that sign to the sum. When the quantifies have different signs, add the 
af&rmative quantities into one sum, and the negative into another. Then 
take the difference hetween these two sums and prefix the sign of the 



When several ares are 


tobt 


;add. 


ed together, if t 


hesn 


m exceeds 36 


we may reject 360°, or any mu 


lliple 


of it, and regard 


. the result as the s 


of the arcs. 
















EXAMPLES. 






Add, — 2' 11" 




Add, -1- 3.72 


Add, -. 28.4 


— 7 2 






-7.56 




+ 75.2 


-12 57 






+ 2.41 




+ 33.9 


Sum, — 22 10 




Su 


m,— 1,43 




Sum, + 80,7 


Add, -f- 179' 4' 


12" 




Add, — 


3° 


r 10" 


— 15 9 


30 




+ 


2 


8 5 


+ 236 27 


10 




+ 317 


29 47 


— 25 59 


11 




Sum, + 


12 


15 20 


Sum, 4- 14 22 


41 


304 


15 12 








or, — 


55 


44 48. 



To subtract quantities having regard to their signs. Suppose the sign 
of the quantity, which ia to be subtracted, to be changed, that is, if it is 
afEnnative, suppose it to be negative, or if it is negative, suppose it to be 
affirmative. Then proceed as ju the above rule for adding quantities. 

When one arc is to be subtracted from another, and the latter is the less 
of the two, we may increase it by 360°. 



From - 
Subt. - 







EXAMPLES. 


From 4' 11" 




From 27.5 


Subt. 7 27 




Subt. - 12.3 


Eem. -3 16 




Eem. + 39.8 


From 312° 


17' 


39" I 


Subt. 17 


51 


47 t 



From 21" 17' 25" 
Subt. 156 54 13 



Bern. + 294 25 52 E«m — 135 36 48 

or, — 65 34 8 or, + 224 23 12 
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To find the Logarilkmic Sine, Cosine, Tangent, or Cotangent of an, arc, 
leith itn f roper Sign, froin Tables that extatd only to each minute of the 
t/uadrant. 

When, tlie given arc does not exceed 180°. With the given arc, or when 
it exceeds 90°, with its supplement to 180°, take out from the table the 
required Sine or Tangent, &c. When there are seconds, take out the 
quantity ooiTesponding to the given degrees and minutes; also take the 
difference between this quantity and tie next following one, in the table. 
Then 60" : the odd seconds of the given arc : ; the difference ; a fourth 
term. This fourth term, added to the quantity taken out, when it is in- 
c^easingjhutsalilracled when it is decreasing, viill^ve the required quantity. 

When the given arc exceeds 180°. Subtract 180° from it, and proceed 
as before. When the arc exceeds 270°, it is more convenient, and 
amounts to the same, to subtract it from 360°. 

To determine the Sine of the quantity. Call the are from 0° to 90°, the 
first quadrant ; from 90° to 180°, the second quadrant ; from 180° to 270°, 
the (A/VfJ quadrant; and from 270° to 360°, the/inirfA quadrant. Then, 

The Sine of an ajlrmative arc is affi,rmative for the first and second 
quadrants ; and negative for the third and fourth. For a negative arc it 
la just the reverse; the sine being negative in the first and seoond quad- 
rants and afEnnative in the third and fourth. 

The Cosine of an affirmative are is affirmative for the first and fourth 
quadrants, and negative for the second and third. It is the same for a 
negative arc. 

The Tangent or Cotangent of an affirmative arc is affirmative for the 
first and third quadrants, and negative for the second and fourth. For a 
negative are it is just the reverse ; the tangent and cotangent being nega- 
tine in the first and third quadrants, and affirmative in the second and 
fourth. 

Note. Negative logarithms or logarithmic sines, &e., are frequently 
designated by a sra^l n, placed at the right hand, instead of the sign — , 
before them. 

By attending to the preceding rules, the student will easily find the 
Sine, Cosine, &c., of an arc in either quadrant, with its appropriate sign — , 
as exemplified in the following table : 

Am Log. sine. Log. «iaiiM. Lpg. tangent log. cotang. 

37° 18' 21" 9.78252 9.90060 9.88193 10.11807 

— 37 18 21 9.78252II. 9.90060 9.88193n 10.11807w 
114 35 10 9.95872 9.61916/8 10.3395&1 9.66044ji 

— 114 35 10 9.95872n, 9.61916n. 10.33956 9.66044 
247 12 36 9.96470n, 9.58811« 10.37659 9.62341 
314 17 50 9.85475/1 9.84409 10.01065n 9.98935ft 
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TJia loffarilhm 



. Cosine, Tuiujeni, or 
given, lo find ilie a 



Wheu the given quantity can be found in the tahle, under or over ila 
name, take out the corresponding are. When the given quantity is not 
found exactly in the table, and the aic is required to seconds, take out 
the degrees and minutes corresponding to the next less quantity, when 
that quantity is increasing; liiit to the next greater when it is decreasing. 
Tate the difference between the quantity corresponding to the degrees 
taken out, and tho nest following one in the table ; aJso, take the differ- 
ence between the same quantity and the given one. Then, the first differ- 
ence : the second : : 60" ; the number of seconds which is to bo annexed 
to the degi-ees and minutes. Then, 

For a Sine. When it is o^rmative, the required affirraative arc will 
be, either the arc found in the table, or its supplement to 180°. When 
the sine is negative, the required are will be, either the arc found iu the 
table, increased by ISO", or its supplement to 360", 

For a Cosine. When it is offi^rmative, the required affirmative arc will 
be, either the arc found in the table, or its supplement to 860°. When 
the cosine is negative, the required are will be, either tlie supplement of 
the arc found in the table, to 180°, or that arc increased by 180" 

For a Tangent or Cotangent. When it is offirmativf, the leqniied 
affirmative arc will be, either the arc found in the table, or that are increased 
by 180°. When the tangent or cotangent is negative, the requiied aio 
will be, either the supplement of the arc, found in the table, to 1S0°, oi its 
supplement to 360°. 



When the required arc com 


es out mor 


e than 180° 


th 


equivalent n 


live aic is frequently taien. 














These mles a 


re esemplifiei: 


by the quantities in the following 


table 


Log. sine 


9.T8252 


ai^o 37° 


18' 


21" 


or 


142° 


41' 


Log 


sine 


9.85475)1 


arc 225 


42 


10 


or 


314 


17 


Log 


cosine 


9.90060 


ai-e 37 


18 


18 


or 


322 


41 


Log 


cosine 


9.6191611 


arc 114 


35 


11 


or 


245 


24 


Log 


tangent 


9.38193 


are 37 


18 


21 


or 


217 


18 


J-^g 


tangent 


10.33956)1 


are 114 


35 


11 


or 


294 


35 


Log 


cotangent 


9.62341 


arc 67 


12 


36 


or 


247 


12 


Log 


cotangent 


9,989S5» 


am 134 


17 


51 


or 


314 


17 



Nate. Tables which extend only to five decimals, will give the arc, for 
a fangeut or cotangent, true to the nearest second, for a few degrees, near 
toO°, 90°, 180°, or 270°; for a sine, near 1« 0° or 180°; and for a cosine 
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272 ASTEOKOMY. 

near to 90° or 270°. In other cases they cannot be depended on to give 
the Bcconda accurately. They are, however, suffioient for many calcula- 
tions; particularly, when the nature of the problem does not make it 
necessary that the required are or angle should be determined with great 
accuracy. 

As most mathematical students are furnished with a set of such lahles, 
and as an example worked by them will serve as well to illustrate a rule 
as if worked by thoso which are more extensive, they will generally be 
used in working the examples and questions in the following problems. 

OhsHwationa relative to the Signs and Indices of Tjogariihins. A loga- 
rithm is affirmative when the natural number is affirmative, and negative 
when it is negative. 

When several logarithms, or logarithms and the arithmetical comple- 
ments of logarithms, are added together, if they are all affirmative, or if 
there is an even number of negative ones, the resulting logarithm will be 
affirmative ; but if there is an odd number of negative ones, the resulting 
logarithm will be negative. 

Instead of the negative indes of the logarithm of a decimal number, 
the index increased by 10, is frequently used. Tims, when there is no 
cipher between the decimal point and first significant figure, 9 is put for 
the index; when there is one cipher between them, 8; when there is 
two, 7 ; and so on. When this is done, and the resulting logarithm of a 
computation is the logarithm of a natural number, if tbo index is 9, the 
number will be a decimal without any cipher between the decimal point 
and first significant figure; if it ia 8, there must be one cipher between 
them J if it is 7, there must be two ; and so on. If the index is near to 0, 
the resulting number is generally integral. 

jR^ection of the tens in the index of the mm of hgariihms. In working 
the following problems, when several logarithms or logarithms and the 
arithmetical complements of logarithms are added together, the tens in the 
index of the sum are to be rejected. When, however, the sum is the log. 
tangent or log. cotangent of an are, and a table of log. tangents is used in 
which the 10 in the index has not been rejected, one 10 should bo re- 
tained ia the index of the sum, if its rejection would reduce this index 
below 5. 
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PROBLEMS FOR MAKING VARIOUS ASTRONOMICAL 
CALCULATIONS. 

PROBLEM I. 

To worh, hy loffistical hgari/hms, a proportion., ike termi of inhtch are 
minutes and seconds of a degree, or of time, or hours and minutes. 

With the mintttea at the top and aeconda at the side, or if a term con- 
sists of hours and minutea, with the hours at the top and minutes at the 
side, take from tahle LXXX., the logistical logarithms of the three given 
terms, and proceed in the usual manner of working a proportion hy loga- 
rithms. The quantity, in the table, corresponding to the resulting loga- 
rithm, will be the fourth term. 

Mite 1. The logistical logafithm of 60' is 0. 

2, The student will easily perceive that proportions that are worked 
by logistical logarithms, may also he worked hy the coiamou rule in arith- 
metic. 

KxAM. 1. When the moon's hourly motion is 31' 57", what is its mo- 
tion in S9m. 22see. ? Ans. 20' 58". 

As 60 m 

: 39 m. 22 sec 1830 

: : 31' 57" 2737 

: 20' 58" 4567 

2. If the moon's declination change 2° 29' in 12 hours, what will he 
the change in 8h. 21m.? Ans. 1° 44', 



L. 21m. 8565 

'29' 1883X 



: 1°44' 15406 

3. When the sun's hourly motion is 2' 31", what ia its motion in 17m. 
18see.? Am.O'U". 

4. When the sun's declination changes 22' 14" in 24 hours, what is its 
change in 19h. 25m. ? Am. 17' 59". 
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ASTROKOMY. 



P&OBLBM II. 



From, a («5& in which quantities are given, for each Sign and Degree of 
fkecirde, to find the quantity corre^ondi'Dg to Signs, Degreei, Minulet,, and 
Seconds. 

Take oat, from tte table, the quaatity corresponding to the given signs 
and. degrees; sbo take the difference between this quantity ^nd tlie nest 
following one. Tlicn 60' : odd minutes and aeconda : : this diffLicnce 
a fourth term. 1'his fourth term added to the quantity tdien jut, wlien 
the quantities in the table are increasing; but subtracted, when they are 
decreasing, will give the required quantity. 

Note 1. When the quantities change but little from degree to degree, 
the required quantity may frequently bo estimated, without tlie trouble of 
making a proportion. 

Mote 2. The given quantity with which a quantity is taken from a fable, 
is called the J 



Note 3. In many tables, the argument is given in parts of the circle, 
supposed to be divided into 100, 1000, or 10,000, &c., parts. The method 
of taking quantities from such tables is the same as is given in tlie above 
rule ; eseept that, when tlie argument changes by 10, the first term of the 
proportion must be 10, and the second, the odd units; wlion the argument 
changes by 100, the first term must be 100, and the second, the odd parts 
between hundreds; and so on. 

Exam. 1. G-iven the argument 1' 9° 31' 26", to find the corresponding 
quantity in table XLIV. Am. 11° 13' 57". 

1' 9° gives 11° ir 15". 
The difference between 11° 11' 15" and the next following quantity ju 



e table is 5' 9". 



As 60' : 31' 26" : : W 9" : 2' 42".' 
To 11° 11' 15" 

Add 2 42 



11 13 57 
2. Given the argument 10» 13° 16' 54", to find the corresponding quan- 
tity in table XLVn. Am. 93° 32' 37". 

10- 13° ^ves 93° 33' 40". 

* the student can work the proportion, eitlior bj common aritlimetie, or tav 
lo^Btioal Jogarithma, 4S he may prefer. 
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The difference between 93° 33' 40" and the next following quantity ii 
the table, is 3' 43". 

As 60' : 16' 54" : : 3' 43" : V 3" 
FrODi QZ" 33' 40" 
Take 1 3 



93 32 37 

3. Gri¥ea tte argument 4' 11° 57' 10", to find the con-esponding quan- 
tity in tabic XXVII. ^!i8. 3° 24' 6". 

4. Griven the argument 3721, to find tte corresponding quantity in table 
XXXVn. Ans. 4' 52". 

PROBLEM IIL 

To convert Degrses, Minutes, and Seconds of the Equator into Time. 

Multiply the quantity by 4, and call the product of the seconds, thirds ; 
of the minutes, seconds; and of the degrees, minutes. 

Exam. 1. Convert 72° 17' 42" into time. 
72" 17' 42" 



4h. 49m. lOseo. 48'". := 4h. 49m. Usee, nearly. 

2. Convert 117° 12' 30" inW time. Ans. 7h. 48m. 50scc. 

3. Convert 21° 52' 27" into time. Ans. Ih. 27m. SOsee. 

TROBLEM IV. 

To convert Time into Degrees, Minutes, and Seconds. 

Reduce the time to minutes, or minutes and seconds; divide by 4, and 
call the quotient of the minutes, degrees; of the seconds, minutes; and 
multiply the remainder by 15, for the seconds. 

Exam. 1. Conyert 5h. 41m. lOsec. into degrees, &e. 

b. m. EeQ. 

5 41 10 



2. Convert 7Ii. 48m. 50sec. into degrees, &c. Ans. 117° 12' 30". 

3. CoBYert llh. 17m. 21sec. into degreea, &c. Ans. 169" 20' 15". 



;;■ Google 



PROBLEM V. 

The Longitudes of two Places, and tJie Tinte at one of them hemg given, to 
find the corresponding Time at the oilier. 

Espress ttc given time astronomically. Thus, when it ia in the movn- 
ing, add 12 hours, and diminish the numher of the day hy a unit. When 
tJie given time is in the afternoon, it is already in astronominal time. 

Find the difference of longitude of the two places, by subtracting the 
less longitude from tho greater, when they are both of the samo name, 
that is, both east or both west; but by adding the two longitudes together 
when they are of different names. When one of the places ia Greenwich, 
the longitude of the oihor Ja tho difference of longitude. 

Then, if the place, at which the time is required, is to the east of the 
other place, add the difference of longitude, in time, to the given time ; but 
if it is to the west, suh^act the difference of longitude from the given time. 
The sum or remainder is the required time. 

Note. Tho longitudes of the places mentioned in the following examples, 
are given in table VI. 

Exam. 1. When it is August 8th, 2h. 12m. 17aec. A. M. at Green- 
wich, what is the lime as reckoned at Philadelphia? 

Time at Greenwich, August, . . 7 14 12 17 
Diff. of Long., 5 40 



Time at Philadelphia, . . . . 7 9 11 87 P. M. 
2. When it is April 11th, 3h. 15m, 20scc. P. M. at New Yorl;, what 
is the corresponding time at Greenwich f 

Time at New York, April, . . . 11 3 15 20 
Diff. of Long., 4 56 4 



Time at Greenwich, . . . . 11 8 11 24 P. M. 

. When it is Sept. 10th, 3h. 20m. 35sec. P. M. at Paris, what is the 
) as reckoned at New Haven ? 



Longitude of Paris, . . . . 9 22 B. 

do. of New Haven, . . . . 4 51 51W 



Dlff. of Long., 
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Time at Paris, September, . . . 10 3 20 S5 
Diff. ofLoDg., 5 1 IS 

Time at New Haven, . . . . 9 22 19 22 
Or, Sept. 10th, lOIi. 19m. 22seo. A. M. 

4. When it is January 15th, 9h. 12iii. lOaec. P. M. at Washington, 
what is the corresponding time at Berlin ? Ans. Jan. 16th, 3h. 13m, 52aee. 
A. M. 

5. When it is Oct. 5th, 7h. 8m. A. M, at Qiichoc, what is the time at 
Eiclimond? Ans. Oct. 5th, 6h. 43m. 18 sec. A, M. 

6. When it is noon of tho 10th of June at Greenwich, what is the time 
at Philadelphia? Ans. June 10th, 6h. 59m. 20sec. A. M. 

PROBLEM VI. 

Fhr a given mean lime, to find ike Sun's Longitude, Semidiameter, 

Haarly Motion, ike apparent Ohliquity of the EdiptiG and the Earth';) 

SadiKS Vector; aUo the Sun's RigJu Ascension and Dedinalion and the 

Apparent Time. 

For the Longitude. 

When the given time is not for the meridian at Greenwich, reduce it to 
that meridian hy the last problem. 

With the meaa time at Greenwich, take from Tahles XXII., XXIII., and 
XXrV., the quantiUea corresponding to the year, month, day, hour, 
minute, and second, and find their sums.* Th sum n th column of 
mean longitndea will be the tahttlar meau lon^ tul f th un; the sum 
in the column of perigee, will be the tabula 1 nnitud f tl e porigep ; 
and the sumi in the columns I II III and N will b th a gi nenta i r 
the small eq lat na ot the sun s long tude an 1 f the j at on of tl o 
eqninoses wh ch fo ms one of then 

Subtract the longit ide ot the pc gee from the sun s mein long tud 
borrowing 12 signs when necessaty the lemaulcr 3 the ana mein 
anomily M h the mean an maly tak the e [Uit on ot the sun s centre 

■^ In ad ng an t es at B Elf e se I m b gns d gr OB ^ 1 

i4 gnu then the sum eiceetia eiflier of these quantifies. In adding any argu- 
rae ts BKires ed u 100, 1000, &o., parts of the circle, when (hey are expressed 
by two figures reject the huudreiifl from the sum r when, by three figures, the 
thousimls ; and when by four figures, tie ten thousands. 
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278 ASTRONOMT. 

ti om table XWTT , and witt the arguments I , II , ind III t'lkp ihe eor 
responding tquationa fiom Uble S\^III The equjitun ot the centu, 
and the three other equations, added to the mean longitule, gne the true 
longitude, reckoned from the mean equmox 

With the argument N, tjke the equttion of the equmosLS, or, whi&h is 
the sime, the nutation m longitude, fmm table XXX , and apply it, ac 
cording to its sign, tn the true Ungitudc alicady tound, ind the lesult 
will he the true Inngitude, trom the apparent equinox 

/'()■ f7w Eourh/ Molwn. and S miJiametPT 

With the sun's mean anomaly, take the hourly motion and scmidiamc- 
ter from tables XXV. and XXVI. 

For the a^arent Obliquity of the Ed-iplio. 

To the mean obliquity, taken from table XXIX,, apply, according to its 
sign, the nutation in obliquity, taken from table XXX., with the argu- 
ment N, and the result will be the Apparent Obliquity. 

JFbr the Earth's Radius Vector. 

With the sun's mean anomaly and the arguments I., IT,, and III., take 
the corresponding quantities from table XXXI., and the small table on the 
BBme page, and the sum of these will be the Radius Vector. 

For the Right Asaen&ion and Declination. 

To the log. cosine of the apparent obliquity of the ecliptic, add the log. 
tangent of the sun's true longitude, and reject 10 from the index of the 
i5um; the result will be the log. tangent of the Eight Ascension, which 
must always be taken in ti,e same quadrant as the longitude. 

To the log. sine of the apparent obliquity, add the log. sine of the longi- 
tude, and reject 10 from the index of the sum ; the result will bo the log. 
sine of the Declination, which must be taken less than 90^ ; it will bo 
Twrth or south according as its sign is affirmative or negative. 



For (Ae Eqvation of Time and ilie Apparent Time, 

To the sun's tabular mean longitude, increased by 2°, apply, according 
to its sign, the nutation in right ascension, taken from table XXX., with 
the argument N, and tlie result will be the sun's mean longitude from the 
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true equinox. Take the difference* between this longitwie and the sun's 
right ascension, making it affi,rmaiive or negative according as the right 
aacenaon is fssa or greater than the longitude, and the result will be the 
Equation of Time in arc. Thia may he converted into time by Prob. III. 
The equation of time, applied, according to its sign, to the mean time, 
gives the apparent time. 



Exam. 1. Keqnired tho sun's longitude, hourly motion, &e., on the 25th 
of October, 1836, at lOh. 37m. lOsec. A. M. mean time at Boston. 



Astrou. time at Boston, Oct. 24 22 37 10 
Diff. of Long 4 44 17 

Greenwich timo . . . . 25 3 21 27 



Nutation 
True Long. 



M. 


Long 




Long. Petigee. 


I. , II. 


m. 


N. 


9. 8= 

8 39 

23 


10^ 

4 


e" 

S4 

so 

53 

1 


9. 8= 7' 2" 
46 
4 



45G 517 

350 684 

BIO 60 

4 


644 

468 

41 




842 



9 8 7 52 
7 2 3 36 


520 1261 


153 


886 


7 S 


13 


9 
9 

17 
9 




9 S3 54 44 
Sun's hourly moti 


Mean Anomaly 
n. . . . 3' 39" 


7 3 


le 


20 


M. ObUq. Ecliptic 23° 27' 38" 


7 2 


lit 


9 


Nutation . . 




+ 7 



Appar. Obliquity 

Fov Radius Vector. 



Arg. Anom. gives 
" I. " . 



" III. « 

Radius Vector 



* Wlien one of these quantities is 
be increaaed by 360°, ani ihn sum 
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280 ASTRONOMY. 

For Right Ascension and Dadinaticm.. 

Obliq. 23° 27' 45" 1. cos 9.96262 OHiq. . . 1. sin 9.60005 
Long. 212 16 9 1. tan 9.80032 Long. . . 1. sin 9.72746«. 

R. A. 210 4 48 1. tan9.762S4 Dec — 12''16'24" l.sm9.32751n 
For Equation of Time and Appar. Time. 

Sun's tall. M. Long. + 2° . . 214° 2' 36" 

Nutation in Right Ascen. ... — 10 

Bun's M. Long, from true equinox . . 214 2 20 
Sim's true Right Ascension . . . 210 4 48 

Eqnat. of Time, in arc . . . + 3 57 38 

Equat. of Time, in time . . . + 15m. 50.5sec. 

The equation of time, a^ded to the given mean time, gives lOh. 53m. 
O.Osec, A. M. for the apparent time. 

Exam. 2. Required the sun's longitude, hourly motion, &c., on the 
15th of May, 1836, at 8ii. 59ja. 29seo. A. M., mean time at Philadelptia. 

Ans. Suit's Longitude 54=42' 12" 

" hourly mot 2 25 

" semidiameter ..... 15 50 

App. obliq. of eoHptie . . . . 23 27 44 

Right Aaoen 52 20 23 

Doolination ■ . 18 57 45 N 

Equat, of time ... -f- 3m. 56sec. 
Appar. Time . . . . 9Ii. 3m. 16sec. A. M. 
Radius Vector 1,01167 

PROBLEM Vn. 
To find the Sidereal Time corresponding to a given. Mean Time. 

To the sun's mean longitude from the true equinox, found as in the last 
problem, and converted into time by Prob. IIL, add the g^vea mean timo 
of the day, expressed astronomically, rejecting 24 hours from the sum, if it 
esoeeds that quantity, and the result will be the sidereal time. 

When the sidereal time or right ascension of the zenith is required in 
arc, and not in time, it ia most conyeniently obtained by adding the mean 
time, expressed ia are, to the sun's mean longitude from the true equinox. 
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Note. When the sidereal time has been foTind for a given mean time, 
it may be found for any other time, a few hours later or earlier, by simply 
adding or subtracting the sum of the quantifies correspoading to the hours, 
mimites and seconds of the interval, takea from table X. 



Exam. 1. What was 
of May, 1840, at 3b. 19ni 



time at PhDadelpbia, 
!. P. M., mean time ? 



n the 28tli 



M. Long. 


N 


9* 9° 11- 56" 

3 8 16 40 

36 ae 45 

9 43 

44 


056 
4 


3 4 5i 


s 



1 Long, from true equim 



SOm. 
Tab.M.LonB. 

When tbo s d 1 m ro ju 
M. Lon^, from, true cqu U' 
Given me n t me n ro 

Sidereal t me n ar 
Let now the a le eai t me be re 
tbe interval is 8h j'lm >>6 osec 



md not time. 

66" 20' 1" 
. 49 50 



116 16 1 
1 t6b.40m. 56.5sec. P. M. Then 



3 29.6 

21 3.4 

30-6 

3 22 9.6 
7 45 4.1 



PROBLEM VIIL 

To find ilm Sidereal Time eiyrresponding to a ijiven Mean Time, lidng the 
Nautical Almcmac. 

In the Greenwich H^autioal Almanac, tbe sidereal time at Greenwich 
mean noon is given for each day, and that for any other meridian may be 
found by adding if west, and subtracting if east, the sidereal acceleration 
for the difference of longitude expressed in time. The accelei-atian may 
be found by faking from table X., the equivalents for the hours, minutes 
und sfconds, rejecting the hours, minutes and seconds of tbe equivalents 
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respectively, and adding the results. Or, by multiplying 9,8565sec. by 
the difference of longitude expressed in Lours. 

Tiien, having found, as directed above, the sidereal time at mean noon, 
add to it the sidereal equivalents for the hours, minutes and seconds of the 
given mean time, taken from table X., and the sum will be the sidereal 
timo required. 

Exam, 1. What was the ddereal time at Philadelphia on the 17th 
of May, 1836, at 8h. 17m. 10.5seo. mean time? 

The acceleration for the diff. of Long, is by table X., 

for 5 hours 49".282 

" 40 seconds 110 



Sid. time at Green. M. H". (Table LXV.) 3 40 51.11 



Sid. time at Philada. M. N. . . 3 41 40.502 

Sid, equiv, for 8h 8 1 18,852 

" " 17m. . . . ■ 17 2.793 

" " lOsec 10.027 

" O'.5seo. . . . 0,501 



Sidereal time required . . , 12h. Oni. 12.675seo. 

Exam. 2. llequired the sidereal time at St. Petersburg on the 20th of 
February, 1850, at llJi. 42m. 25sec. mean time, tho Berlin sidereal time 
at mean noon being 22h. Cm. 6.363ec. 

i. m. SM. 

St. Petersburg east of Greenwich . .21 16.0 
Berlin li » , . 53 35,5 



St. Petersburg cast of Berlin . . 1 7 40.5 = 

Acceleration = 9".8565 X 1-128 ^ 11'.117 

Sid. time at M. N., Berlin . . 22 6.36 



" " St Petersburg 21 59 55.243 

Sid. Equiv. for llh. ... 11 1 48.421 

" " 42m. . . 42 6,900 

" " 25sec. . . 25,069 



Sidereal time required . . 9h. 44m. 15.633sec. 

Exam. 3. Kfiquired the sidereal time at New Haven on the 10th of 
May, 1836, at 15h. 3m. 13.5see., mean time. Mis. 18h. 19m. 45.04sec. 
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PEOBLEJM IX 

To find the Mean Solar Time corresponding to a given Sidereal Time. 

Find, as in the last prolDletn, the sidereal time at mean noon, subtract it 
from the given sidereal time (adding 24h. if necessary), and the remainder 
will be the interval of sidereal time from noon. Add together the mean 
solar equivalents for the hours, minutes and seconds of this interyal, taken 
from fable XI., and the sum will be the mean tame required. 

Example. Required the mean solar time at Philadelphia on the 27th 
of May, 1836, at Ih. 21m. 47.5sec., sidereal time. 

Bid. time at M. N., Green. . . . 4 20 16.68 
Aoceleration for Philada. ,..-{- 49.39 



Sid. time at M. N., Philada. 
Given Sid. time + 24h. 


. 4 21 6.07 
25 21 47.5 


Sid. interval from noon 


. 21 41.43 


Mean solar equivalent for 21h. . 
" " 41sec. 
" " 0.43sec. 


20 56 33.579 

40.888 

.429 



Mean time required . . . . 20 57 14.896 
PROBLEM X. 

To find, from, the Tables, the Moon's Longitmde, Latitude, Egjiaforial 
ParaUax, Semidiaineter, and Hourly Motions, in X/ortgitude wnd Lati- 
tude, for a given time. 

When the given time is not for the meridian of Greenwich, reduce it to 
that meridian; and when it is apparent time, reduce it to mean time. 

With the mean time at Greenwich, taie out from tables SXXII. to 
XXXVI., the arguments nnmbered 1, 2, 3, &o., to 20, and find their sums, 
rejecting the ten thousands in the first nine, and the thousands in the 
others. The resulting quantities will be the arguments for the first twenty 
equations of Longitude. 

With the same time, and from the same tables, take out the remaining 
arguments and quantities, entitled Erection, Anomaly, Variation, Longi- 
tude, Supplement of the Node, II., V., VI., VII., VIII., IX., and X.; 
and add the quantities in the column for the Supplement of the Node. 
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For Hiii Longitude. 

With the fivst twenty argaments of longitude, take, from tables XXXVII. 
to XLII., the oorrespondiiig equations, and place their sum in the columa 
of Evcction, Then, the sum of the quantities in this column will be the 
corrected alignment of Evection. 

With the corrected argument of Evection, take the Evection from table 
SLIII., and add it to the sum of the preceding equations. Place the 
resulting sum in the column of Anomaly. Then, the sum of the quan- 
tities in this column will be the oocreoted Anomaly. 

With the corrected Anomaly, take the Equation of the Centre from 
table XLTF., and add it to the sum of all the preceding equations. Place 
the resulting sum in the colunin of variation. Then, the sum of the quan- 
tities in this columa will be the corrected argument of variation. 

With the eorre t d argum nt f "V t fc k th t n from table 

XJjV., and add it t th f all th p 1 g p t n ; the result 

will be the sum f th i t t ty th qu t n f th Longitude. 
Place this sum in th J m f L t I Th n th of the quan- 

tities ia this oolu w II b h 1 t Lo tud f th Mion, reckoned 
from the mean cqumox. 

Add the Orbit Longitude to the Supplement of the Node. The result 
will be the argument of the Reduction. It will also be the £rst argument 
of Ijtttitutle. 

With the argument of Eeduction, talce the reduction from table XLVI., 
and add it to the Orbit Longitude. Also, with the 19th argument, which 
is the same as argumeat N, for the Sun's Longitude, take the Nutation ia 
Longitude, from fable XXX., and apply it, according to its signs, to the 
last sum. The result will be the Moon's true Longitude from the Appa- 
rent equinos. 

For the Latitude. 

Place the sum of the first twenty-three equations of Longitude, taien 
to the nearest minute, in the column of Arg. II. Then the sum of the 
quantities in this column will be Arg. II. of Latitude, corrected. The 
Moon's true Longitude is the 3d argument of Latitude. The 20th argu- 
ment of Longitude is the 4th argument of Latitude. ConYCrt the degrees 
and minutes, in the sum of the first twenty-three equations of Longitude, 
into thousandth parls of the circle, by taking from table L. the number 
corresponding to them. Place this number in the columns V., VL, VII., 
VIII., and IX.; but not in column X. Then the sums of the quan- 
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tildes in columns V., TI., VH., Vill., IX., and X., rejecting the thou- 
sands, will be the 5th, 6th, 7th, 8th, 9th, and 10th arguments of Latitude. 
With the sum of the Supplement of the Node, and the Moon's Orbit 
Longitude, which is Arg. 1. of Latitude, take the Moon's distance from 
the North Pole of the Ecliptic, from table XL VII., and with the reman- 
ing nine arguments, taie the eorresponding equations from tables XL VIII., 
XLIX., and LI, The sura of these ten quantities will be the Moon's true 
distauoe from the North pole of the Ecliptic. The difierenee between this 
distance and 90°, will be the Moon's true latitude ; which will be north 
or south according as the distance is less or greater than 90°, 

For (7ie Equatorial Parallax. 

With the corrected arguments Evociion, Anoraaly, and Tariafdon, take 
the corresponding quantities from tables LII., Lin., and LIV. Their 
sum will be the Equatorial Parallax. 

For the Sc.midiainetf.r. 

With the EquitoiialPiralh-s take thp Mo n's S miliimtter frcm hble 
LV, 

Fur ike Momly Muiwn ik Loi jiiude 

With the arguments 2, 3, 4 ind 5, of Longitude, rejecting the two 
right hand figuies in each, take the correspjndmg equitiona from table 
LVI. Also, with the correct argument of Evection, take the equation 
from table LVII 

With the sum of the piecedmg equations at top, and the correct ano 
malj at the side, tike the equition fiom talle LVIII Also, with the 
correct anomaly, take the equation from table LIX 

With the sum of all the preceding equations at the top, and the correct 
argument of Vjiution at the side, tale the equation from table LX 
With the eorrett argument of Viriation, take the equation from tible LXI 
And, with the aigument of Reduction, take the equdtion from t^ble LXII. 
These three equations added to the sum of all the proooding ones, will giTO 
the Moon's Hourly Motion in Longitude. 

For the Hourly Motion in Latitude. 

With the 1st and 2nd arguments of Latitude, take the corresponding 
quantities from table LXIII. and LXIV,, and find their sum, attending to 
the signs. Then S2' 56" : the moon's true hourly motion in Longitude 
: : this Bum : the moon's true hourly motion in Latitude. When the sign 
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286 ASTRONOMY. 

is affirmative, the moon is tending Hortli ; and, wlien it is tiegritivej sLe is 
tending south. 

Exam. 1. K«quired the moon's longitude, latitude, equatorial paiallas, 
semidiametcr, and hourly motions in longitude and latitude, on the 6th of 
August, 1821, at 8h. 46m. 338ec. A. M. mean time at Philadelphia. 

Mean time at riiiladolphia, August, 5 20 46 33 

Biff, of Long 6 40 

Mean time at Greenwich, August, 6 1 47 13 
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2. Kequired the moon's longitude, latitude, equatorial parallax, semi- 
diameter, and hourly motions in longitude and latitude, on the 27th of 
April, 1821, at 9h. 43m. SOseo. P. M. mean time at Baltimore. Am. 
Long. 11" 13° 31' 44" ; lat. 6' 55" N. equat. par. 60' 0" ; semidiam. 16' 
21" ; tor. mot. in long. 36' 11" ; and hor. mot. in lat. 3' 14", tending north. 

3. What will he the moon's longitude, latitude, equatorial parallax, semi- 
diamefer, and hourly motions iu longitude and latitude, on the 19ih of 
August, 1822, at 5h, 56m. Usee, P, M. mean time at Philadelphia? 
Ans. Long. 6" 3° 7' 28"; lat. 3° 51' 35" S.; equat. par. 66' 19"; semi- 
diam. 15' 21"; hor. mot. in long. 32' 7"; and hor. mot. iu lat. 2' 1", 
tending south. 

PROBLEM XI. 

To find the Jfooji's Longitude, Latitude, Hourly Molioni, Equatorial 
Parallax, and Semidiameter, for a giiien Time, from the KautJcal Al- 



Eeduce the giyeu time to Mean time at Greenwich. Then, 
For tlte Longitude. 

Take from the Nautical Almanac, the two longitudes, for the noon and 
midnight, or midnight and noon, next preceding the time at Greenwich, 
and also the two immediately following these, aud set them in aucceBsion, 
one under another. Then, having regard to the signs, subtract each longi- 
tude from the next following one, and the three remainders will he the 
fi,nt differences. Call the middle one A. Subtract each first differenco 
from the following, for the second differences. Take the half sum of the 
second differences, and call it B. 

Call the excess of the given time at Greenwich, above the time of the 
second longitude, T. Then 12h : T : ; A ■.fourth term, which must have 
the same sign as A. 

With the time T at tho side, take from table LXVL the quantities cor- 
responding to tho minutes, tens of seconds, and seconds of B, at the top, 
the sum of these, with a corUrari/ sign to that of B, will be the correetion 
of second differences. 

The sum of the second longitude, the fourth term, and the correction of 
second differences, having regard to tho signs, will be the required longitude. 

For &e Hmirly Motion iVi Longitude. 
To the logistical logarithm of ^^ of T, add the logistical logarithm of 
B, and find the quantity corresponding to the sum. Call this quantity B, 
and prefix to it the same sign aa that of B. 
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Or B may be found without logaritlims; thus 12!i. : T : : B : E. 
Divide tlie sum of A, J B with its sign changed, and E, by 12, and the 
quotient will be the required hourly motion in longitude. 

For the Latitude, 

Prefix to noTtli latitudes the affirmative sign, hut to muth latitudes the 
negative sign, and thoa proceed in the same manner as for the longitude. 
The resulting latitude will be nortli or south, according as its sign is affirma- 
tive or negative. 

■Note. The Moon's Declination may be found in the same manner. 

For tlte Hourly Motion in Latitude. 

With T, and the values that A and B have, in finding the latitude, find 
the hourly motion in latitude, in the same manner as directed for finding 
iihe hourly motion in longitude. When the resulting hourly motion in 
latitude is affirmative, the moon is tending norili, and when it is negative, 
she is tending souOi. 

For ike Semidtameter and EqaatoriaJ, Parallax. 

The moon's scmidiameter and equatorial, horizontal parallax, may be 
taken from the Kautical Almanac with sufficient accuracy by simply pro 
portioning for the odd time between noon and midnight, or midnight and 



Exam. 1. Bequired the moon s longitude, latitude, equatorial parallax, 
semidiameter, and hourly motions in hmgitude ind lititude from the 
Nautical Almanac, table LXV , on the 4th of Hiy, 1836, at 4h. 30m. 
8sec. P. M. mean time at Philadelphia 



Mean time at Philadelphia, May, 
Diff, of Longitude 

Mean time at Greenwich, May, . 



4 4 30 



4 9 SO 48 



Jbj- the Longitude and Sourli/ MoHon in Longitude, 

Longitudes 
260= 32' 89.3" 
267 56 26.2 

275 17 38.7 
282 35 36.1 



7 


Ist diff. 
23 46.9 
21 12.5 
17 57.4 


2d diff. 

— 2' 34.4" 

— 3 15.1 


7 


21 12.5 


^2 54.7 
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12 : 9 SO 48 : : r*' 21' 12".5 ; 5= 49' 46."8, fourth term. 

Secoad Longitude 267° 56' 26.2" 

Fourth term 5 49 46.8 

Cor. for 2d diff. + 14.4 

Moon's true longitude . . . , 273 46 27.4 



j^ T . . . 47 34 L. L. 1008 

B . . . — 2 54.7 L. L. — 13141 

E . . — 2 18.5 —14149 

A 7° 21' 12.5" 

i B, sign changed ....,.+ 1 27.3 
E — 2 18.5 

12)7 20 21.3 

nor. mot. in long. ....... 36 41.8 



For tlie ZatUack and Hourly Motion in Latitude. 



Latitudes. 


1st diff. 


2d dif. 


if 
3 
3 
4 


41' 22.2" 
16 14.8 
45 41.1 
12 12.5 


— S3' 

— 30 

— 26 


52.6" 
26.3 
31.4 


+ 3' 
+ 3 


26.3" 
54.9 



12 : 9 30 48 : : — 30' 26.3" : — 24' 7".8, fourth tei-m. 

Second latitude . . . . . . — 3° 15' 14.8" 

Fourth term — 24 7.6 

Oor. for 2d diff. — 18.1 

Moon's true kdtude 3 39 40.7 S 
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ij T 47 34 L. L. 

B ... 3 40.6 L. L. 



E . . . 2 54.9 
—SO' 26.3" 



B +2 64.9 

12)— 29 21.7 

Moon's hor. mot. in lat, — 2 26.8. leading south. 

Moon's semidiametor 16' 24.2" 

" equatorial parallax 60 11.7 

2. Bequired the moon's longitude, latitude, equatorial parallax, semi- 
diameter, and hourly motions in longitude and latitude, on the 6th of 
3Iay, 1836, at Ih. 41m. 40sec. P. M mean time at Greenwich. 

Am. Long. 297" 59' 57.1" j lat. 4° 54' 18.6" 3 j eqnat. par. 59' 15.0" ; 
semidiam. 10' 8.7"; hor. mot. in long. 35' 34.9"j hor. mot. in lat. 
1' 13 7", tending soulh. 

JVbfc 1 When the moon's longitude and latitude are required with 
great precisinn, the third and fourth differences should bo noticed. To do 
this, take from the ephemeris, the three longitudes or latitudes, preceding 
the given time, and the three following it, and find the first, second, third, 
and fouith differences, as directed in. the rule, for the first and second dif- 
ferences. Call the middle first difierenoe, A, the half sum of the two 
middle second difieienoes, B, the middle third difference, C, and the half 
sum of the fourth differences, D. Then taking T, equal the excess of the 
^ven time ahove the time of the thii-d longitude or latitude, find the 
fourth term and the correction for "second differences, as directed in the 

With the time T, and middle third difference,!), take from table LXVII., 
tie oorrecljon for third differences, which, when T is less than 6 hours, 
must have the same sign as C, but a contrary 3'gn, when T is more than 
6 hours. 

With the time T, and half sum of fourth differences, D, take from table 
LXVln., the correction for fourth differences, which must always have 
the same sign as D. 

The sum of the third lon^tude or latitude, the fourth term and the 
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oorrecliona for second thiid and fo th 1 fferenoe ha g regard to the 
signs of all the quant t es will be the 1 ng tu le or 1 1 1 le required. 



Note 2. When g ■»! p c sion s reqn ro I a the mo n parallax and 
aemidiameter, the o ect ons for s ond differences aho 11 ho applied in 
the same manner i& for tlio 1 ngitu le or lat ti de 

Taking the time as n the fi t eiamjle 1 t the no n longitude he 
required, as corre te I f r th rd an I f u th d fforcnoo 





L_..„ 


3d noon 


253" 7' 3.7" 


" midn. 


260 33 39.3 


4th noon 


36T 56 S6.3 


'■ tDiJn. 


S75 17 38.7 


5th noon 


382 35 36.1 


" mldn. 


389 49 43.9 





2adiff. 




BS' 35.6" 


1 48 7 










Si 12.5 
17 57.4 
14 7.8 


— 3 15.1 

— 3 49.6 


— 40.7 
-34,5 


21 13.5 


— 2 54.7 


— 40.T 


A 


B 


C 



Third longitude 267° 5S' 26.2" 

Fourth term 5 49 46,81 

Cor. for 2d diff. -f 14.31 

" Sd " + 0.31 

"4th" + 0.06 

Moon's true lougitude . . . . . 273 46 27.7 



phoblem XII. 

To find the approximate Time of New or Full Moon, for a given Year 
and Month. 

For New Moon. 

Tate from tahle XVIII., the mean new moon in January, for the ^ven 
year, and tie arguments I., II., III., and IV. Take from table XIX., as 
many lunations, and the corresponding arguments I., II., III., and IV., as 
the numher* of the given month exceeds a unit, and add these quantities 
to the former, rejecting the ten thousands in the first two arguments, and 
the hundreds in the other two. Take the numher of days corresponding 
to the given month, from the second or third oolumn of tahle XX., accord- 
ing as the ^ven year is a common or hiuextile year, and subtract it from 



!, for January, 1; for February, 2; for 
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the sum, in the column of mean new moon; the reTOaind^r will he tho 
tahular time of mean new moon in the given month. If the number of 
days, taken from fahle XX., is greater than tho sum of the days in the 
column of mean new moon, as will sometimes he the case, one lunation 
more than is directed above, with the corresponding argumeats, must be 
added. 

With the arguments I., 11., IH,, and IV., take the corresponding equa- 
tions from table XXI., and add them to the time of mean new moon; 
the sum will be tho ajiproadmaie time of new m( 
time at Greenwich. 



For Full Moon. 

When the time of mean new moon in January of tbe given jear is on 
or after the 16th, subtract from it, and the arguments I., II., III., and IV., 
a half lunation, with the corresponding argnmeuts, taken from table 
XIX., increasing when necessary, either or both of the first two of the 
former by 10,000, and of the two latter by 100; but add them, when the 
time is before the IGth. The result will be tho tabular time of mean full 
jnoon in January, and the corresponding arguments. Then proceed to 
find the approximate time of full moon, in the same manner as directed 
for the new moon.* 



Exam. 1. Kequired the mean time of n 
Q approximate time at Greenwich. 



I August, 1821, 





M. New Moon. 


I. 


II. 


IIT. 


IV. 


1821, 
Sinn. 


d, b. m. 

2 17 59 
236 5 52 


0092 
6468' 


7859 
5737 


80 


78 
93 


Days, 


238 23 51 

212 


6560 


3G9Q 


02 


71 


August, 

ii! 

in. 

IV. 


26 23 51 

54 

2 13 

9 

10 




August, 


27 3 17 


Approximate time. 



* When tho half lunation and Brgninents ore to be addsd, the addition may be 
left till the proper number of lunations, with their corresponding arguments, are 
placed under, and thus make one addition serre. 
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2. Required the approsimate time of full iii 
n mean Greenwich time. 



295 
u July, 1823, expressed 





M. New Moon. 


I. 


IT. 


III. 


IV. 


1823, 

iluE. 

6 lun. 


li 20 
14 18 22 
177 4 24 


0304 
404 
4851 


5787 
5359 
4308 


61 
68 
92 


55 
50 
96 


Days, 


202 23 6 
181 


5559 


5449 


11 





Tuly, 

II'. 
III. 

IV. 


21 23 6 

2 55 

18 7 

5 

20 




July, 


22 15 33 


Approximate time. 



8. Enquired the approximate times of new and full moon in February, 
1822, expressed in menu time at G-reenwich. 

Ans. New moon 21d. 7h. 47m. 
Full moon 5d. 17h. 39m. 



TROBLEM Xlir. 

To determine whal &lipses m/xy he expected to occur m any given year, 

and tlie times nearly at icMch they wiU take^lace. 

For the Eeli^es of tlie Sun. 

Take, for the given year, from table XVIII., the timo of mean new 
moon in January, the arguments and the number N.* If the number 
N differs less than 53, from 0,500, or 1000, an. eclipse of the sun may be 
expected at that new moon. If the difference is less than 37, there must 
be one. When the difference is between 37 and 63, there is a doubt, which 
can only be removed by calculation. 

If an eclipse may or must occur in January, calculate the approximate 
time of new moon by problem XII., and it will bo the time, neaily, at 
■which the eclipse will take place, expressed in mean time at Greenwich. 
This time may be reduced to the meridian of any other place by pro- 
blem V. 

Look in column N of table XIX., and, excluding the number belong- 
ing to the half lunation, seek the first number that, added to the number 

*Tho numberN, iattia table, designates the sun's mean diatauee from tlie moon's 
ascending code, eipresaed in thousanrltli parts of the circle. 
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N of tlio given yoaj;, will make the sum come within 53, of 0,500, or 
1000, Take the corresponding lunations and arguments, and this num- 
ber N, and add them to the similar quantities for the given year. Take 
from the second or third column of table XX., according as the given year 
is common or hissextHe, the number of days next less than the Bum of the 
days in the colanin of mean new moon, and subtract it from the time in 
that column; the remainder will he the tabular time of mean new moon 
in the month corresponding to the days, taken from table XX. At this 
new moon an eclipse of the sun may be expected ; and if the sum of the 
numbers N, differs less than 37 from the numbers mentioned above, there 
inusi be one, Find the time nearly, of the eclipse, by calculating the 
approximate time of new moon as directed above. 

If there are any other numbers in the column N, of table XIX., that, 
when added to the number N of the given year, will make the sum come 
within the limit 53, proceed iu a similar manner to find the time of the 
eclipses. 

Note. When the time at which an eclipse of the sun will take place 
is thus found, nearly, and reduced to the meridian of a given plac '^ n th 
latitude, if it comes during the day time, and if the sum of fh n b 
N, or the number N itself when the eclipse is in Jann y a i ttl 
above 0, or a little less than 500, there is a probaidliti/ th t th 1 p 
will be viaible at the given place. When the number N" in J nua y 
the sum of the numbers N in other months, is more than 500 tb 1 p 
will seldom be visible in northern latitudes, except near the equator. 

For the Eclfj)ses of See Moon. 

When the time of new moon in January of the given year is on or after 
the I6th, mibtract from it, from the arguments, and the number N, a 
half lunation, the corresponding arguments, and the number N" ; but when 
it is before the 16th, add them. The results will be the time of mean 
full moon in January, and the corresponding arguments, and number N. 
Proceed to find the times at which eclipses of the moon may or must occur, 
exactly as directed for the sun, except that the limits 35 and 25, must be 
used instead of 53 and 37. 

MUe. In an eclipse of the moon, when the time is found nearly, and 
reduced to the meridian of a ^vea place, if it comes in the night, it will 
be visible at that place. 

Exam, 1. Ecquired the eclipses that may be expected in the year 1822, 
and the times nearly, at which they will take place. 
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Forth 
M. New Moon. 


Ediji^es of die Sim. 

L 1 n. IIII. 


IV. 


N. 


1822, 
Una. 


21 15 32 
29 12 44 


0602 
808 


7182 
717 


78 
15 


66 
Q6 


930 

85 




51 4 16 
31 


1410 


7899 


93 1 66 


15 


Feb. 

I. 

II. 

III. 

IV. 


20 4 16 

7 38 

19 29 

13 

11 


As the sum 
comes within 


of tTie numbers N 
7 of 0, there must be 




Feb. 


21 7 47 


Mean time at Greenwich. 





M. Now Moon. 


I. 


II. 


ni. 


IV. 


N. 


1822, 
7Jun. 


d. h. a. 

21 15 32 
206 IT 8 


0602 
5659 


7182 
5020 


78 

7 


66 
94 


930 
596 




228 8 40 
212 


6261 

As 
bean 

Mean 


2202 


85 


60 1 526 1 


it! 

ItT. 
IV. 


16 B 40 

1 24 

40 

16 

14 


the Buia of the numbers N 
within 87 of 500, there mast 


l«gu.t, 


16 11 14 


time at Green wicli. 
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M. Now Moon, 


I. 


II. 


III. 


IV. 


N 


1822. 
ilun. 


a. h, m. 
21 15 32 
U 18 22 


0602 
404 


7182 
5359 


78 
58 


66 
50 


930 
43 


llun. 


6 21 10 
29 12 44 


0198 
808 


1823 
717 


20 
15 


16 

99 


887 
85 




36 9 54 
31 


1006 2540 ! 35 15 1 972 | 

As the sum of the nimbers N, al- 
though it oomeB within 35 of 1000. 
does nob come within 25, the eclipse 
may be considered doubtful. It may, 
howeyer, be obserted, that farther 
cn,lculiition by the nest problem would 
show that there will be aeraall eiilipse. 


Feb. 
I. 
II. 

Ill, 
IV. 


5 9 54 

20 
4 
29 


Feb. 


5 17 39 


Mean time at Greenwich. 





M. Full Moon. 


I. 


II. 


III. 


ly. 


N. 


1822, 
71uii. 


6 21 10 

206 17 8 


0198 
5659 


1823 
5020 


20 

7 


16 
94 


887 
596 




213 14 18 
212 


5357 


6843 


27 


10 


483 


August, 

ii! 
III. 

IV. 


1 14 18 

2 14 

19 26 

3 

26 


Ab the sum of the numbers N 
cnmes within 25 oc 600, there must 
be an eolipae. 


August, 


2 12 27 


Mean time at Orconwich. 



2. Ecquicect the eclipses that may be expected in 1823, and the times, 
nearly, at which they will take place, espreaaed in mean time at Green- 
wich. Ans. One of the moon on the 26th of January, at 5h. 24m. P. M. ; 
one of the sun on the 11th of February, at 3h. 12m. A. M.; one of the 
sun on the 8th of July, at 6h. 50m. A. M.; and orp of the moon on the 
23d of July, at 3h. 33m. A. M. 
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TKOBLEM XIV. 

To tal^ululi. an X! li}i e of the Moon. 

Find the appiosimato time of full raojn, by pi-ob. XII., and, for tliia 
time, compute the sun a Imgitnde, semidfanietor, and hourly motion, and 
the moon a longitude, latitudt, equatdnal parallax, semidjamcter, and hourly 
motions in lougitude and latitude feubtrtLt the sun'a longitude from the 
moon's, ind call the remimder B Also, auhtraut the hourly motion of 
the san from thit of the niofB Then, as the difference of the houily 
motiona the diflerence between E .ind A I. signs : : CO minutes : a cor- 
rection. The i.orret.tion, added to the approsimate time of full moon, 
when R is less than VI Signa hut sahti itted when it is ffV'd' r, will give 
the trve time of full moon fji the mendiin at Greenwich. Eeduee this 
time to the time it th( plact for which the cakulation is to be made, and 
call the reduced timi, T 

Foi Oil- Semidianiei^ o/ tfte Earth's Shniluvi. 

To the moon s equatorial pai alias, add the sun's, which may be taiien 
9", and fiom the sum subtract the semidiameter of the sun. Increase the 
result h> Ju part, and it will be the aemidiameter of the earth's shadow, 
which edl S 

Iji the InrJtnat m. of fhu Mart's Relative Orhil. 

To the iiithmcticil complement of the logarithm of the difference be- 
tween the hourly motiona m longitude of the moon and sun, add the loga- 
rithm of the moon a hourly motion m latitude, and the result will be the 
log, tangent of the inclination, which call I. 

Add together the constant logarithm 3 55630, the log. cosine of I., and 
the arithmetical complement of the 10,^ difference between the hourly 
motions ff the moon ind sin in long tule, I'pjccting the tens in the index, 
and call the lesulting logai ihm B 

For the Time of the Middle of the Eclipse. 

Add together the logarithm B, the logarithm of the moon's latitude at 
the true time of full moon, and the sine of I., rejecting the tens in the 
index, and the result will be the logarithm of an interval t, in seconds of 
time, which, added to T, when the latitude is decreamig, but mhtracte^ 
when ita increadng, will give the time of the middle of tie eclipse, 
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For ike times of Beginning and End. 

To the logarithm of the moon's latitude at the true time of full moon, 
add the log, cosine of I., rejecting the tens in the index, and the result will be ' 
the logarithm of an are, which call c. Call the moon's semidiameter d. 

To, and from, the sum of 8 and d, add aad suhtract c. Then add toge- 
ther the logarithms of the results, S -j- (? -|- e and 8 + (^ — c, divide the 
sum by 2, and to the quotient add the logarithm R, and the result will be 
the logarithm of an interval x, in seconds of time, which, subtracted from, 
and added to, the time of the middle, wiU give the times of the beginning 
and end. 

Note. If c is equal to, or greater than, the sura of S and d, there 
cannot be an eclipse. 

For the Times of Beginning and End ofOie Toted Eclipse. 

To and from the difference of S and d, add and Bnbtract c. Then add 
together the logarithms of the results, S — d-\~ c and S — d — c, divide 
the suro by 2, and to the quotient add the logarithm R, and the result will 
be the logarithm of an interval a/, in seoonds of time, which, subtracted 
from, and added to, the time of the middle, will give the times of the 
beginning and end of the total eclipse. 

Note. When c is greater than the difference of S and d, the eclipse 
cannot be total. 

For Hie Qita.ntiti/,of ili£ Eclipse, 

Add together the constant logarithm 0.77815, the logarithm of (8 -(- (^ 
— c), and the arithmetical complement of the logarithm of d, rejecting the 
tens in the index, and the result will be the logarithm of the quantity of 
the eclipse, in digits. 

Note 1. In partial eclipses of the moon, the southern part of the moon 
is eclipsed when the latitude is north, and the northern part when the 
latitude is south. 

2. When the eclipse commences before sunset, the moon rises about 
the same time the sun sets. To obtain the quantity of the eclipse nearly, 
at the time the moon rises, take the difference between the time of sunset 
and the middle of the eclipse. Then, as 1 hour : this difference : : differ- 
ence between the hourly motion of the mooa and sun, in longitude : a 
fourth term. Add together the squares of this fourth term and of the arc 
c, both in seconds, and extract the square toot of the sum. Use this root 
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instead of c, in the above rule, and it will give the quantity of the eelifse 
at the time of the moon's rising very nearly. When the eoiipae ends after 
Bunrise in the morning, tho quantity at the time of the moon's setting may 
be found in the same manner, only using sunrise instead of sunset. 

3. The relative positions of the earth's shadow and moon, at the time 
of the eulipae, may be easily represented. Let AB, Fig. 42, be a part of 
the ecliptic, and C the position of the centre of the earth's shadow at the 
time of ful! moon. Draw LCK perpendicular to AB, and make CM 
equal to the moon's latitude at the time of full moon, taken from a scale 
of equal parts, above. AB if the latitude is north, but hdow if it is som(A. 
Draw Ma parallel to AB,.and make it equal to the difference between the 
hourly motions of the moon and sun in lon^tude ; and draw ac parallel to 
LK, above Mra, when the latitude ia tending north, but helow, when it is 
tending louth. Then PQ, drawn through M and c, will represent the 
moon's relative orbit. Draw ON perpendicular to PQ, meeting it in II. 
Then will H be the place of the moon's centre at tho middle of the eclipse. 
With the centre C and a radius equal to S, the semidiameter of the earth's 
shadow, describe the circle LNK, to represent the shadow. With the 
same centre and a radius equal to (S -j- (Oi describe arcs, cutting PQ in D 
and E, which will be the positions of the moon's centre at the beginning 
and end of the eclipse. With the centres D, H, and E, and a radius equal 
to d, the moon's semidiameter, describe circles fo represent the moon's 
disc, at the beginning, middle, and end of the eclipse. When the eclipse 
is total, describe, with the centre C and a radius equal to (S — d), arcs, 
cutting PQ in F and G, which will be the positions of tie moon's centre 
at the beginning and end of the total eclipse. 

Exam. 1. Required to calculate, for the meridian of Philadelphia, the 
eclipse of the moon in July, 1823, 



approximate time of full moon 


, is July 


22, 


at 15h. 33m. 


Snn'e longitude at that time, 


3» 


29" 


' 25' 23" 


Do. hourly motion, . 






2 23 


Do. semidiameter. 






15 46 


Moon's longitude, 


. 9 


29 


24 51 


Do. ktitade, . 






9 ION. 


Do, equatorial parallax, . 






54 1 


Do, semidiameter, . 


d 




14 43 


Do. hoT. mot. in long. 






29 34 


Do. do. in lat. . 






2 43, tending 
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Approx. time of full moon, July, . . 22 15 33 

Correction, ...... -f 1 H 

True lime, in mean time at Greenwicb, . 22 15 34 11 

Diff. of Long 5 40 

Mean time at Philadelpliia, . . T 22 10 33 31 

As CO : 1 11 : : 2' 43" : 3", the correct, of lat. 

Moon's lat, at appros. time, .... 9' 10" N. 

Correction, . . . . . . . , -|- ^ 

Moon's lat. at true time, . . • . . 9 13 N. 

Moon's equatorial parallax, ..... 54' 1 
Sun's do 9 

gum, 54 10 

Sun's semidiameter, . , . . . . 15 46 

S8 24 
Add 46 

Semidiam. of earth's shadow, . . . . S 39 10 

Moon's hor. mot. loss sun's, 1631" Ar. Co. log. 6.78755 
Moon's hor. mot. in bt, 163 - log. 2.21219 

I . . . . 5' 42' . . log. tan 8.99974 

3.55630 
I . . . 5° 42' . . log. COS. 9.99785 

Moon's hor. mot. less sun's . . Ar. Co. log. 6.78755 

log. B.. 0.34170 
Moon's lat. . . . 553" . log. 2.74272 

I . . . . 5" 42' . . log. sin 8.99704 

( 121 sec. = 2m. Isee. . . log. 2.08146 

'T lOh. 33m. Slsec. 

Middle, 10!i. 31m. SOsec. 
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PAET It. 


30 


wn's lat. 






log. 2.74272 




660" 


= 9' 10" . 


log. 2.74067 






S783" 
. 2083 . 


log. 3.57784 
, log. 3.42862 



10 31 SO 
1 56 a7 



2)7.00646 

3.50323 
log. K. 0.34170 

log. 3.84493 



. 12 28 7 A. M, of 23d day 



H — d + c 



2017" 
917 



<^ = 2087 = 49 47 



3.13354 
log. U. 0.34170 



Middle .... 


10 


31 


30 




t^ 




40 


47 




Beginning of the total eclipse, 


9 


41 


43 




End do. 


11 


21 


17 


0.77815 


s + <;_ c 






. log. 


3.42862 


d . . . . 883" 




Ar. Co. log. 


7.05404 


Digits eclipsed, 


18.2 




log. 


1.26081 
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S04 ASTRONOMY. 

2. Required to calculate, for the meridian of Philadelphia, the eclipse 
of the moon, on the 9tli of April, 1«38. 

Arts. Eoginmng at , . ..... 7 31J 

Middle 8 58 

End 10 24J 

Digite eclipsed 7.2, on northern limb. 

PROBLEM XV. 

Given the Latitude of a ^lace, to find the logarithms of p cos $' and 
p sin f', in which p' is the Geocentric Latitude and p the Radius of the Earthj 
for the given place. 

To the log. cosine and log. sine of tie given latitude, add respectivoly, 
log. X and log. y, talen from table XVII., with the latitude as the argu- 
ment, and the suras will be log. p cos ^' and log. p sin ^'. 

iVoie, When the logarithms are required to more than live decimal 
figures, they may be found by the formulie (App. 51, A and B). 

Exam. Required the logarithms of p cos 41' and p sin f', for Phila- 
delphia.* 
Lat. 39° 56' 69" log. cos 9.88457 log. ain 9.80762 

From . table VI., log. x 0.00060 log. y 9.99770 

pcos$' ... log. 9.88517 p sin $' . . log. 9.80532 
2. Required the logarithms of p cos $' and p sin $', for Boston. 
Ans. Log. p cos ^' = 9.86930 
Log. p sin 4,' = 9.82623 

PROBLEM XVI. 
To cakvlate an Sklipse of the Sun for a given place, using the tables of 
the swn, and moon contained in this worh. 

For quantities independent of the place. 
1. Find by prob. XII., the approximate time of now moon, in mean 
time at G-reenwieh, and let T represent this time, taien to the nearest 
whole hour.f Put 

* The latitudes and longitudes of yarious plieea are given in table VI. 

f When the approsimato time of new moon, if expressed in timo at the given 
place, woultJ be aa much os three or four hours hefare or after noon, it is generally 
better to take, for T, the whole hour ubioh is an hour earlier or later, than the 
nearest whole hour. 
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L = moon's longituJe, 

>. = " latitude, negative wlien so«(A, 

rt = " horizontal parallax, 

L' = sun's longitude, 

j' ^= " semidiameter, 

A' = " right ascension, 

J)' _^ (( declination, negative wliea som(S, 

e = tlie apparent obliquity of the ecliptic, 

E :== the equation of time in arc, 

H = hour angle at the given place. 

2. li'or tlie time T, find, by prob. VI., the values of L', 8', j, A', W, and E, 
and also tho sun's hourly motion. To the value of L' at the time T, add 
the sun's hourly motion, and tlio sum will be the value of L' at the lime 
(T + 1 hr.). Also, for the time T, find, by prob. X., the values of L, %, «, 
and tho moon's hourly motions iu longitude and latitude; and then, by 
means of the hourly motions, find the Yalue^ of L and j,, for the time 
(T + 1 hr.). 

3. TjBing the values of the quantities at the time T, to log. A, taken 
from table IV., add Ar. Co. log. cos IV, and call the result log. C. Es- 
pressing (L — L') and t. in seconds, to log. add log. of (L — L'), and 
also, to log. C add log, of %, and the sums will be respectively the loga- 
rithms of two quantities a and h. To log. of a and also to log. of b, add 
log. tang s, taken from table III., and log. cos L', and the sums will be 
respectively the logarithms of two quantities c and d. Attending to the 
signs of the quantities, subtract d from a, and call the result p; and 
add b and c togetl d 11 th result 5. 

To log, B, tak n f m t bl IV., add log. tang i', from table V., and 
the sum will be tl 1 g tl a f t quantity V. To V add 2732, and call 
the sum I. To th 1 th n 9 4180 and from it, add and subtract log. 
sin jy, and call th ill 1 g D and log. E. To the logarithm 8.250 

add log. cos ly, and 11 th m log. M. 

With the same log. and log. tang * , and the values of L, L', and %, at 
tbo lime (T + 1 hr.), find, as above, the values of p and q, for this time. 
Subtract the value of p, at the time T, from its value at the time (T -\- 1 hr.), 
and call the remainder ^, Do tlie same with the values of q, calling 
tho remainder g'. With p' and g', wiiich are the hourly changes of the 
values of p and 5, and which, may be regarded as constant during the 
eclipse, find the values of p and 2 for the times (T — 1 hr.), (T — 2 hrs,), 
ka., and for (T -j- 2 hrs.),,&c., by subtracting for tho former and adding 
for the latter, and arrange them in a small table, as in tho following exam- 
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806 ASTEONOMY. 

pie. From the values otp and q thus found for whole hours, their values 
for any intermediate time may be easily obtained. Multiply 15° by the 
interval in hours between the time T and noon, the interval being marked 
negative when the time T is in the forenoon, and to the product add E. 
The sum will be the hour angle at Oroenwich, at the time T, Call this 
hour angle H'. 

For quantities d(!pendent on the given, ^lace. 

5. Pind, by the last problem, log. p cos f' and log. p sin ^', and, inoreas- 
iiig the index of each by 4, call the results log. U and log. V. Then, 
using the value of JV at the time T, to log. TJ add log. sin D", and call the 
Bum log. G, To log. V add log, cos D', and the sum will be the logarithm 
of a quantity/ Add together log. V, log. sin D', and the logarithm 7.668, 
and the sum will be the logarithm of a quantity a. Subtract a from I, 
found by Art. 3, and call the result h'. These quantities may be regarded 
as constant during the eclipse. 

6. To H', the hour angle at Greenwich at the time T, add the longitude 
of.the given place, expressed in arc and marked affirmative when eaU, but 
negative when west, and the sum will be the value of H at the time T. 
Its value at any other time T', may be found by adding (T — T). 15°, 
found either by multiplication or &om table XII., to its value at the time T. 

To find the aj^roximafe time of greatest ohseitration. 

7. Taking for j), j, and H, their values at the time T, to log. U and 
log. G add, respectively, log, mn H and log. co3 H, and the sums will be 
the logarithms of two quantities m and g. To log. of m, add log. D, and 
to log. of g add log. B, and the sums will be the logarithms of two 
quantities v' and «'. Subtract g from /, and the remainder will be a 
quantity v. 

8. To log. of (5' — j/) add Ar. Co. log. of (;/ — m'), and the sum 
win be the log. cotangent of an affirmative arc N, less than 180°. To log 
cot N add log of {q — ti), and the sum will be the logarithm of a quantity c. 
Add together twice log. sin N, log. of (p — w -f c), and Ar. Co. log. of 
(j> — It'), and the sum will be the logarithm of an interval of time /. 
Then will T — i" be the aji^roximale time of greatest obscuration, in 



,v Google 



To find ilie titte* time of grealsst ohscaratioii, and approximate times 
of heffinnintf and end 

9. Taijag T' to represent the approximate time of greatest obseuratioa 
or nearly so, find p, q, and H, for this time ; and tten (Art. 7) find u, v, 
vf, and t/. To log. of w', add log. M, and the sum will be the logarithm 
of a quantity 6. Subtract 6 from h', and call the remainder h. Fiiid JJ, 
as in the laat article, and to log. cot N add log. of (p — m), and the sum 
will be the logarithm of a quantity d. Add together log. sin N, log. of 
(d -\- V — q), and Ar. Co. log. of h, and the sum will be the log. cosine 
of an o^rmative are F, less than 180°. 

Add together log. oos (N + F), log. of h, and Ar. Co. log. of (/— w'), 
and the sum will be the logarithm of an interval (. Add together log, 
cos (N — F), log. of h, and Ar. Co. log. of {p' — u'), and tho sum will 
be the logirithm of an iaterval i. And add together log. of {p — u) and 
Ar. Co. log. of (p' — m'), and the sum will he the logarithm of an in- 
terral f. Then will T — i' -}- i (t -\- i) h^ the true time of greatest 
obscuration ; T — ■("-]-( will be the appi'ommate Hme of heginning-; 
and T* — f -\- i will be the approximate time of end. 

To find lite quantitt/ of the EfUpse. 

10. Add together tho constant log. 1.0792, log. of h, Ar. Co. log. of 
(h ~ 2732), and twice log. sin J F, or twice log. cos J F, according as F is 
fes or greater than 90°, and the sum will be the number of digits eclipsed; 
on the north limb whon (d -^ v — g) is negative, but on the south when 
it is agtrmative. 

To find the true Umes of beginning and end. 

11. Tailing now T' to represent the approximate time of beginning or 
nearly so, proceed, as in Art. 9, to find ( and (', omitting the compiitati6». 
of ^. Then will T -{- t ^ ^' be the true time of leginning, . very ■ 

* The espraasion, true lirae, is to be taken here and in the subaequent part of 
the rule, in a, relative sense; as only implying that the timo found has an occu- 
raoy corresponding witi that of the tables, tVom ivhieli the places of tlie snn ana 
moon ha?B been obtained, and of the nnmber of deolmala used in the cidouialion- 
With refereace to a more exact determination, with more aocarate data, they are 
near approximale limes. Thoy may frequently be in error to the omonnt of two or 
Uiree tenths of a minute; and sometimes, perhaps, to the amount of half a 
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308 ASTRONOMf. 

nearly. Then, taiing T* to represent the approximate time of end, find i 
and (", omitting the computation of (, and T + «■ — f will he the timo 
of the end. 

To find an. arc v, expressing (Ae angular dislanae, fi-om. the sun's vertex, of 

the point at wMck ike ecUpse begins or ends. 
' 12, With the values of it and v, at the time T*, for beginning, and 
their hourly changes of value m' and w', at that time, find the value of u 
and V, at the true time of heginning. Then using these values, to log. of 
M add Ar. Co. log. of v, and the sum will he the log. tangent of an are Q, 
less than 180°, which must have the same sign as tt, and which will he 
numerically less ox greater than 90°, according as v is affirmative or nega- 
tive. Then V = 270° + Q — (IS" + 1') wDl he the distance of the point 
of heginning from the sun's vertex, reckoned to the right or west if V is 
affirmative, hut in a contrary direction if V is negative. Finding, in like 
manner, u and «?, and then Q, for the true time of end, we have V ^ 270° 
+ Q--(N-E). 

If u, V, and Q be found for the true time of greatest obscuration, and 
we taie V = 270° + Q — N, when (d -\- v — g) at the approximate 
time of greatest obsouration is affirmative, but V = 90 -|- Q — N, when 
((I -\- V — q) is negative, then will V express, for ^f: time of greatest 
obscuration, the angular distance of the moon's centre from the sun's 
vertex reckoned as before to the right or west, 

ANNULAR OR TOTAL ECLIPSE. 

13. If the value <i? (d -\- v — q), at the approximate time of greatest 
obscuration, is numerically less than Qi — 5464) or if it is so little 
greater, that the sum of log. cos N and log. oi (d--\- v — g) is numerically 
less than log. of (h — 5464), the eclipse will be total or annular; total 
when (It — 5464) is negative, but annular, when it, is affirmative. 

14. When it is ascertajried that the eclipse will be total or annular, 
teke N, F, (p' — m"), and f as found for the approximate time of greatest 
obscuration (art. 9), and find ( and (", using (A — 5464) instead of h. 
Then will T' + ( — (" and T' -f- / — i" he the times at which the 
ei;Hpse begins and ceases to be total or annular. 

Note. The times obtained by the above rules are expressed in mean 
time it Greenwich. They may be changed to mean lime at the given 
place by Prob. V. 

2. The above rule follows from the formula for eclipses investigated in 
the Appendix to Part I. 
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It is required to calculate for PhiiadelpHa, the eclipse o£ the bud of 
May 15th, 1836. 

The approK. time of new moon is 16d. 2h. 8m-, Greenwich mean time. 



At time T = 16d. 2h. 






L'= . . 


. 54= 


42' 


12" 


Sun's hourly motion = 




2 


25 


&' = . 




15 


50 


f = . . . 


. 23 


27 


44 


A'= . 


52 


20 


23 


F^ . 


+ 18 


57 


45 


B = . 


+ 


59 


3 


L = . . . 


54 


38 


55 


», = . 


+ 


25 


27 


« = . 




54 


24 


Moon's hor. mot. in long 


= 


29 


57 


'< " " in lat. = 


= 


2 


45 


At time (T + Ih. 


= 15il 


3h. 




L'= . 


. W 


44' 


37' 


L = . 


55 


8 


52 



At time T = 2 hra. 

Log. A. 0.44993 
= 18° 57' 46" A. C. COS. 0,02423 

Log. C. 0.47416 




0. 0.47416 Log. C. 0.47416 

;. 2.29447™ ^=+1527" log. 3.18384 

2.768e3« 6 = + 4550 3.65800 

9.68752 . . log. tang. 9.63752 

:, . log. COS. 9.76178 



-^+1141 
1728 ■,q^h + c = + U( 



3.05730 
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Log. B. 6.80184 9.4180 

S' == 15' 50" log. tang 7.66330 Flog, sin 9,5118 D'log.e 

r = 2918 . . 3,40514 log. D. 8.92E)8 log. K. 

2732 .... log, E. 9.9062 
; = 5650 



8.250 
39.976 



At time, (T + lli.) = 3 lirs. 

Log. 0. 0.47416 Log. C. 0.47416 

-^ = + 1455" log. 3.16286 ii = + 1692" log, 3.22840 

a = +4335 3.63702 6= + 5042 3.70256 

5 . . . log. tang 9.63752 f . . log, tang 9.63752 

L'=54=44'37" log.cos 9.76136 1/ . . log. cos 9.76136 

c= + 1086 3.03590 <; = +1263 3.10144 

p = + 8072 ; 1 = + 6128, 
y = + 4800 ; q' = + 1725. 



d 7i 
15 



p 


? 


—11328 


+ 963 


— 6528 


--2678 


- 1728 


-f 4403 


+ 3072 


+ 6128 


+ 7872 


-1- 7853 



^ + 2 X 15° + E = + 30° 59' 



Log. I 



« = + 10 



Eor Philadelphia, Lat. 39° 56' 59" N 



cos $'=9.8852 
log, U. 3.8852 
log. U. 3.8852 
log. sin 9.5118 

log. G-. 3.3970 

log. V. 3.805 
log. sin 9.512 



sin t' = 9.8053 
log. V. 3.8053 

log. ■ 
F log.e 

/= + 6041 

H' = 

Long, of Phila, = 

H, at time T = 



- 30" 59' 
-75 10 
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PART II. 311 

For the approximate time of gi'ea.test obsiiuration. 
T = 2hrs.;_p = — 1728; 5 = + 4403 ; H = — 44= U' 

log. U. 3,8852 log. G. 3.3970 

H . . . . log. sin 9.84S2 w H . log, 00s 9.8556 

M = — 6350 . . . 3,7284 « </ = + 1789 3.2526 

log. D, 8.9298 log. E. 9.9062 

1.' = — 455 . . . 2.6582 n m'=4-1441 3.1588 

2" — 1/ = + 2180 log. 3.3385 N . . log. sin 9.9237 

y_M' = 4.3359 A.C. " 6.4738 ^ . . . log. sin 9.9237 

N = 57°r l<^.cot'9.8123' jp — « + c=4-3720bg. 3.5705 

2 — u^-fl51 log, 2.1790 p' — u' . A.C. " 6.4738 

c = -f 98 . . 1.9913 (" = -]- 0.78 . . 9.8917 
T — (' = 1.22 ^= approx. time of gr. oliscur. 

For true time of gi-eateat otsouration and approm/maia times of begin- 
ning Bad end. 

T' = 1,22 J J) = — 5472 ; ? ^ + 3057 ; H = — 65" 53'. 

log. U. 3.8852 log. G. 3.3970 

H . . . log. sin 9.9180 K H . . log. cos 9.7489 

M = .-6356 . . . 3.8032 n </ = + 1399 3.1459 

log. D. 8.9298 « log. E. 9,9062 

j/=^641 . . 2.7330 « k'=^+1127 3.0521 

log. K. 8.226 
I, = 4. 4642 ; h = 5621 5 ^^ + 19 1,278 ' 

3* — 1/=2265 log. 3.3550 N . . . log. sin 9,9301 

y — «' =^ 3673 A. C. " 6.4349 ^ + 1. — 5 = 2130 log. 3.3284 

N = 58= 21' log. cot 9.7899 h. . . .A.C." 6.2502 
p — M = 884 , log. 2,9465 F = 71° 11' log. cos 9.5087 

d = 545 2,7364 

-H + F= 129" 32'; log. oos 9.8038 » N — F = — 12° 50' log. cos 9.9890 
h . . . log, 3.7498 h . . . . log. 3.7498 
p' — v! A. 0, " 6,4349 p' ~ u' . A. C. " 6.4349 
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312 ASTKONOMY. 

h. b. m. 
p —u log. 2.B165 T' — r+ J (i+ (')=!, 238 = 1 14.8=&-!«timeof gr. obs. 

/ — u'A.C." 6.^349 T' — ("+(= 0.005 = Bppi-Di. time of beg. 

r= 0.211 0.3814 

T'_("4-<'=: 2.4T1= " " end. 

For Quantity of the Eclipse. 

1.0792 
n . . . . log, 3.7498 
h — 2732 = 2889 A. C. " 6.5392 
J P = 35" 35' i log. an 9.7649 
J E . . . . " 9.7649 

Di^ts eclipsed 7.9, oa south limb, log. 0.8980 
Eor true time of beginning, 
r = 0; _p = — 11328 ; j = 953 ; H = — 74° 11' 

log. TJ. 3.8852 log, G-. 3.3970 

II . . . log. sin 9.9832 J* H . . log. cos 9.4355 

w = — 7386 . . . 3.8684)1 ^ = CM . . . 2.8325 
bg, D. 8.9298 log. E. 9.9062 

i/= — 628 . . . 2,7982« «'=548 . . . 2.7387 

log. K. 8.226 

V = 5361 ; h = 5631 & = 9 . . . 0.965 

5' — a' zz^ 2353 log. 3.3716 N . . log. sin 9.9420 

y_«' = 4252 A. 0. " 6.3714 rf +).— j = 2227 log. 3.3477 



N" = 61= 3' 


log. cot 9.7430 


A 


A. C. " 6.2494 


— M=— 3942 


. log, 3.5957 m 


E. 


= 69^45' log. coa 9.5391 


d = ~ 2181 


3.8387 n. 






-HF^ISOMS' 


log. cos 9.8152 n 


P 


-« . . log. 3.5957 m 


h . 


. log. 3.7506 


P' 


~u' A.C. " 6.3714 



y — w' . . A. 0. " 6.3714 it" = — 0.927 9,9671™ 

( = _ 0.865 9.9372 »i 

h. h, m. 

T* _ i" + i = 0-062 = 3.7 = true time of beginning. 
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PAET II. 813 

For the true time of end. 
T' = 2!'47; p = 528; g = 5214; H = — 37" 8' 

log. U. 3.8852 log. G. 3.3970 

H . . . log. sin 9.7808 n II . . log. cos 9.9016 

ii == — 4634 . . 3,6660 n, g r= 1989 3.2986 

log. D. 8.9298 log. E. 9.9062 

„ = -_ 394 . . 2.5958 n ^ =^ 1603 3.2048 

log. K. 8.226 
5 = 27 1.431 

11 = 4052; 7* = 5613 

(^ — v' = 2110 log. 3.3261 N . . log. sin. 9.9209 

/ — V == 3197 A. C. " 6.4952 <;4-«; — g = 2259 log. 3.3539 

N"=56°28' log. cot. 9.8213 A . . A. C. " 6.2508 

p— M = 5162 log. 3.7128 E = 70° 24' log. cos. 9.5256 

d = S421 . 3.5341 

N — P = — 13° 56' log, COS. 9.9870 p — u . . log. 3.7128 

h . . . log. 3.7492 /— m' . A- C. " 6.49 52 

p' — u' A. C. " 6.4952 ("=1.614 . . 0.2080 
i = 1.704 . . 0.2314 

r — {" 4- (* = 2.560 = 2 33.6 = true time of end. 

For V, at beginning. For V, at end. 

« = — 7352 log. 3.8664 n u^ — 4490 log. 3.6522 n 

«i= + 6322A. C. " 6.2739 i.= + 4017A. C. " 6.3961 

Q = — 54° 6' log. tang 0.1403 ii Q= — 48° 11' log. tang. 0.0483 n 

V=270'' + Q — (NH-F)^85°6'V-=270° + Q— (ISr-F)=235°45' 

For V, at grea,teBt obscuration. 

u = — 6336 log. 3.8018 1 

V =-\- 4632 A. C. " 6.3342 

Q= — 53''50'log. taEgO.1360 
V=270° + Q — N:^157°49' 
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Reducing to Philadelphia, mean time, we have, 

Beginning of Eclipse at 7 3.0, A. M. 

Greatest obscuration 8 13.6 

End ... 9 32.9 

Digits eclipsed 7.9, on south limb. 
Eclipse begins 85" 6', from vertex to the right 
Greatest obsour. 157 49, " " " 

Eclipse ends 124 15, " " left. 

Tq construct a figure rtpresentMg the edipm at the time of greatest olseura-' 
Hon, and showing thepotnts of beginning and end. 

With a radius 6, taken from a scale of equal parts, deaeribe a circle 
VBE, Mg. 67, to represent the sim'a disc; then, taking a point V, at the 
top, to represent the vertex, draw the vertical diameter W. Make VB, 
or the angle VSB, equal to tho value of the arc V, found for the time of 
beginning, and B will he the point at which the eclipse commences. Make 
the arc VBE, equal to the value of Vat the end of the eclipse, or,, which 
is the same, make the angle VSE, equal to its supplement to 360°, and E 
will be the point at which the eclipse ends. 

Make the arc VG equal to the value of the are V, at the time of greatest 
obscuration, and drawing the diameter GG', make GD equal to the digits 
eclipsed, taken from the same scale. Then, as A — 2732 : 2732 : : 6 : 
a fourth term. Take DM equal to this fourth term, and with the centre M, 
and radius MD, describe the arc aD5. Then will aDhGa represent tho 
quantityandpositionof the part eclipsed at the time of greatest obscuration. 

Exam. 2. It is required to calculate for Philadelphia, an eclipse of the 
sun that occurred in May, 1854. 

Ans. Beginning at 4 10.8 P. M. mean time 

Greatest obsour. 5 26,9 

End . .6 34.0 

Digits eclipsed lOJ, on northern limb. 
Eclipse begins 147" 52' from vertex to the right. 
Greatest obsour. 117 45 " " " left, 

Bads 25 27 " « « " 
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PROBLEM XVn. 
To find a series of places at which an eclipse ofilie mm will he central. 

1. TiJce for^, 2i p\ ^nd g' the lOOOOth parts of the values of these 
quantities, as found by the last problom, for the time T, and for D' its 
value at that time. To log, of j", odd Ar. To. log. of }/, and the Bum will 
he the log, cotangent of an affirmative are N, less than 180°. To log. 
cot N add log. of p, and the sum will be the logarithm of a quantity d. 
To log. sin N add log. of (d — 5), and the sum* will he the log, cosine 
of an aflirmative arc If, less than 180°. 

Find the intervals i, f; and (' from the formula), log. of ( =^ log. cos 
(N + 1?) + Ar.Oo.log. of^; log. of (■ — log. 00s (N — F) + At. Co. 
log. of y ; and log. of i" = log. oip + Ar. Co. log. of p'. Then, T — 
f' +i (i + t) will be T*, the time of the middle of the central eclipse for 
the earth in genera! ; T — i" -j- '> ^iH be the time of beginning ; and 
T — (" + i', will he the time of end. 

2. To the value of H at the time T, found hy the last problem, add 
(T —T) .15°, and the sum will be the value of H' at the time T'. From 
this value of H', and to it, subtract and add, J ((* — t). 15°, and the re- 
mainder and sum will be the values of IF at the beginning and end of the 
central eclipse. 

3. To log. sin (N + P 4- 180°), add log. cos D', and the sum will be 
the log. sine of the geocentric latitude ^', not exceeding 90°, and noiih or 
south, according as the sine is afimialive or negative. To ^', add the reduc- 
tion of latitude, taken from table XVI., with $' as the argument, and the 
sum will be $, the latitude of the place at which the eclipse begins to be 
central, To log. cot (N + F) add Ar, Co, log. sin D", and the snm will 
be the log. tangent of an hour angle H, less than 180°, and affirmative 
when (N -\- F) is in ^^ first or fawiih ^adramt, bat negative when it is 
in the second or third. When H is to be -negative, it must he taken greater 
than 90°, if iis tangent is affirmative, but less than 90° if the tangent is 
negative. Subtract H from the value of H' at the be^naing of the cen- 
tral eclipse, and the result will be x, the longitude of the place at which 
the eclipse begins to be central. It will be -west if affirmative, but east 
if negative. 

Using (N — E) instead of (N + F), and taking the value of H' at the 

* Wlien this sum, after one 10 has been rejected from the indei, is greater than 
10, wliich is the greatest log, cosine, the eclipse cannot be central at an; place. 
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end of tlie central eclipse, we fliid, in like manner, the latitude and longi- 
tude of the place at whicli the eclipse ceases h) be central. 

4. To log. sin. B', add log. tang N, and the sum will he the log, tangent 
of an arc M' not exceeding 180°, and with the same sign as D', When 
M' is to he negative, it muit he taken greatpv than 90°, if its tangent is 
ajirmative, but less than 90°, if the tangent is neyotive. To log, sin D', 
add log. cot. N, and the sum will be the log. tangent of an are N', less 
than 90°, and with the same sign as its tangent. Then fake S =^ M' -|- H'. 
Find 

log. B' = log. tang ly + Ar. Co. log. sin M' 

log. C ^ log. cos F -(- Ar. Co. log, cos D" + Ar. Co. log, sin N 

log. E'= log. COS D' -j- log, sin N -f log. cos N -)- log. of 15 + Ar. 

Co. log. of y. 

log. W = log. sin N + log. flin N ^- Ar. Co. log. cos N' + log, of 15 + 
Ar. Co. log. ofy. 

5. Add M' to the value of II' at the middle of the central eclipse, and 
call the sum H". Add M' to the value of 11 at the beginning of the cen- 
tral eclipse and call the aum L'; also add M' to the value of II at the end 
of the central eclipse and call the sura L". The quantities found in the 
last article and this, may all he regarded as constant. 

6. Let L be the value of (H -\~ M'} at any time during the central 
eclipse. Then, assuming for L any value at pleasure within its limits L 
and L", to log. sin L add log. B', and the sum will he the log. tangent of 
an arc B, not exceeding 90", and with the same sign as its tangent. To 
log. cos B add log. C, and the sum will be the log. sine of an are C less 
than 90° and with the same sign as ita sine. Then will B -f- C he the Talue 
of if', the geocentric latitude of the place at which the eclipse is central 
when L has ita assumed value. From ^' we And $, as in Art. 3. 

Add together log. sin ?>' aud log. E', and the sum will be the logarithm 
of an axe E, in degrees and decimals of a degree. Add together log, cos 
41', log. sin (L — S), and log. G', and the sum will be the logarithm of 
another arc G-. Then will H" -f- E -^ C — ^ L, be ji, the longitude of the 
ptae. 

We may thus, by assuming a series of values for L within its limits 1/ 
and L", find a series of places at which the eclipse will be central. 



d values of L differ only in the sign, the cor- 
responding values of B will differ only in the sign, and the values of C 
will he precisely the same. When two assumed values of L are supple- 
ments of each other, the latitudes and values of E will be the same foe 
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each. By attention to these eireumstances, the conipiitatioii of a serica 
of places may be considerably shortened. 

2. If we subtraot M' from any assumed value of L, the remainder will 
be the hour angle at the place at which the eclipse is then central. 



Required the times and places at which the eclipse of May, 1836, began 
and ceased to be central ; and also a series of other places at which it was 
central. 

From the calculation of the last prohlem, we have T ^ 15 2 0, D 
7= 4- 1^° &7'.7, and H' ^=; + 3**° 59'; also dividing the values of p and 
g at the time T, and the values of ■}/ and g', by 10000, we have, J> ^ — 
.1728, 3 = + .4403, y = + .4800, and g' ^ + .1725. 



. . log. 9.2367 N . . . log. sin 9.9736 

. A. C. " 0.3188 rf — 2 = — .5024 , log. 9.7011 « 

= 70° 14' log. cot 9.5665 F = 118° 13' . log. cos 9.6747)* 

. log. 9.2375 )* 

. — .0621 8.7930 » jj . . . . log. 9.2375™ 

/ . . A. C. " 0.3188 

(" = — .3600 . . 9.5563 « 

- F ^ 188=27' log. cos 9.9953 71 N"— F=— 47°59'Iog. coa9.8257 
. . . A. C. log. 0.3188 %! . . A. C. log. 0.3188 



( = — 2.061 . . 0,3141™ i = 1.395 . . 0.1445 

0" = T — i" + J (i + = 2.027 = time of middle of central eclipse. 
T — <" -f ( =:= 0.299 = " beginning " " 

T — (" + (' = 3.755 =^ " end " « 

H', at time T, . . . +30° 59' 
15° X .027 . . . -h 24 



H', at middle of centr. eclipse -j- 31 23 
15" X 1-728 ... 25 55 



E', at beginning of centr. eclipse -f- 5 28 
H', " end " " + 57 18 
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ASTRONOMr. 






For plac 


of beginning. 




N 

jy 


+ F + 180" = 8= 27' . log. sin 
log. cos 


9.1672 
9.9758 


¥ 


= 1° 59' N. . 




9,1430 


N 
D' 


4-^ = 188= 27' . 


log. cot 0.8281 
At. Co. log. sin 0.4882 


H 


= — 92" 46' . . 


. log, tang 


1.3163 




4. = 8° 2' N. ; :. = 


H' — H = 9 


°14' W 




For pi 


aoe of end. 




N 


— F + 180= ^ 132 


r log. sin 9.8710 
. log. cos 9.9758 


*' 


= 44'' 39' N. . 


log. si 


1 9,8468 




-F = -470 59' 


. log. cot 9.9547m 
A. C. log. sin 0.4882 


H 


= 109050' . . 


. log. tang 0,4429™ 




f> ^ 44° 50' N 


; X = — 52" 


32' E. 




/br constant quantities. 






log. sin 9,5118 
log. tang 0.4445 


ly . 

N" 


. log. sin 9,5118 
. log, cot 9.5555 


+ 42° 


7' log. tang 9.9503 


N' = 6 
+ 48= 47' 


40' log. tang 9.0673 


!og. tang 9.5360 
A, 0. log. ain 0.1735 


F . 
If . 


log, 00a 9.6740 
A. C. log, 00s 0.0242 




B' 9.7095 


N 


A. 0. log. sin 0.0264 
0' 9.7252 


D' . 
N 

N . 
15 
P' ■ 


log. cos 9.9758 
. log. sin 9.9736 

log. cos 9.5292 

log. 1.1761 

A. C. " 0.3188 


N . 
N . 
N' A.C 
15 . 
I,' A. C 


log. sin 9.9736 

log. sin 9.9736 

log. cos 0.0029 

log. 1.176X 

« 0,3188 




log. E' 0.9735 




log, G' 1.4450 
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H. at beg. centr. eclipse = — 02° 46 
M'= . . . +42 7 

L'^ — 50 39 
H, at end contr. eclipse = + 109° 50 
M = . . . + 42 7 

1/ = 151 5T 
H', at middle of oentr. eclipse := 31° 23' 
M'= . . . . 42 7 

11" = 73 30 = 73°.50 
For places at which the eclipse will be central. 
Agaume L = ■ — 50°. 
L , log. sin 9.8843)1 B . log, cos 9.9689 

log. B' 9.7095 log. C 8.7252 

B = ~ 21= 26' log. faog 9.5938n C = 29° 38' log. sin 9.6941 

$' = B + C = 8° 12' N., -f, = 8° 15' N. 
$' , . log. sin 9.1542 ^,' . . . log. cog 9.9955 

log. E' 0.9735 L — S = ~98°47' log. sin 9.9949« 
E = 1°.34 . 0,1277 log. G' 1.4450 

G = — 27''.25 . 1.4354» 

!i=H" + B + G — L^ + 97°.59 = 97° 35' W. 

Assume L = -]- 50°. 
Then {Note\ B = + 21° 26', C = + 29° 38', $' ^ 51° 4'N., ^ = 51° 15'. 

^.' = + 51° 4' log. sin 9.8909 ^' . . log. cos 9.7982 
log. E' 0.9735 L ~ 8 = 1° 13' log. sin 8.3270 
E ^ 7°.32 . ~8644 log. G' 1.4450 

G = 0°.37 . . 9.5702 
r. = 31° 11' W. 
Assume L = -)- 130°. 
Then (NoIp:), },' = 51° 4' K , 4. -= 51° 15' N-, E = 7°.32. 
*' = 51° 4' . log u)s 7982 
L — 8 = 81° 13' log sin 1 9149 

loj C 1 4450 7. = ~ 31°.S8 = 31° 53' E. 
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520 ASTRONOMY. 

'By assuming for L various otliGv values between its limits L' and L", 
the latitudes and longitudes of a series of places at which the eclipse will 
be central, as given in the following table, may easily be found. The com- 
putation of a part of these may serve as an exercise for the student. 



L. 


Lat. 


long. 


— 50= 


SO' 


8" 


2'N. 


98= 14' W. 


_ 50 





8 


15 


97 35 


— 40 





12 


9 


88 14 


_ 30 





10 


42 


80 


— 20 





21 


44 


72 49 


- 10 





27 





66 30 


- 





32 


15 


60 44 




- 10 





37 


12 


55 14 




^ 20 





41 


39 


49 41 




h 80 





45 


31 


43 63 




- 40 





48 


43 


37 44 




- 50 





51 


15 


31 11 


. 


- 60 





53 


9 


24 17 


^ 


- 70 





54 


29 


17 2 


_ 


- 80 





55 


10 


9 29 


„ 


- 90 





53 


31 


1 42 W. 


- 


■100 





56 


16 


6 21 E. 


+ 110 





64 


29 


14 36 


+ 120 





53 


9 


23 5 


+ 130 





51 


15 


31 53 


+ 140 





48 


43 


41 


+ 150 





46 


31 


60 36 


+ 151 


57 


44 


50 


52 33 E. 



PKOEIEM XVin. 
Tlie value of a fjuaniiiy at three consecutive whole hours, T — ■ 1, T, and 
r 4" It fe*"^ given, to find its value at an intermediate time T, and its 
hourly variation at that time. 

Attending to the signs, subtract the value of the quantity at the time 
T — 1, from its value at the time T ; and its value at the time T, from its 
value at the time T -[- ^ J aid the remainders will be tlie_^ra( differences. 
Subtract the first of these from the second, and the remainder wOl he the 
second difference. Let a = the value of the quantity at the time T ; i ^ 
the half sum of the first differences; c ^= the second difference; and ( ^= 
the interval between T and T', expressed in the fraction of an hour, and 
marked negative when T^ is earlier than T. Then the value of the quan- 
tity at the time T, will be 
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And the hourly variatioo of the quantity at the time T, will he 
h + t.c. 
EXAMPLE. 
Given the moon's declination, ou a certain day, aa follows: at lOh., 
[) =: -h 15° 58' 50".l ; at 11 L., D = 15= 47' ir'.O ; and at 12 h., 15° 
J5' 27".l. Kflquired its value at 10^ h. 
D 



+ 15= 58' 50.1" 
15 47 11.0 
15 35 27.1 



1st diff. 



I 2nd diff. 
-4.8" 



a = + 15° 47' 11.0", h = — ll' 41.5", c = — 4.8", ( = - 
(. 5 = + 4 40.6 



D = + 15 51 51.2, at time T. 
6 = — ir 41.5" 
(. c — + 1.9 

— 11 39.6 = hourly variation at time T. 
PROBLEM XIX. 

?!) calculate an Edipee of the Sun, for a given place, ohtaining the ptacm, 
(fee, of the moon and sun, from, the Nixutical Almanac. 

1. Let A and A' represent the right asuensions of the moon and sun, 
respectively, D and IK, their declinations, marked negative when south, it 
and rt' their equatorial horizontal parallases, and 8 the sun's apparent semi- 
diameter. Also let T he the Greenwich mean time of new moon, taken 
to the nearest whole hour; other contigaous whole hours, earlier and later 
fceiBg denoted by T — 1, T ~ 2, &o., and T + 1, T + 2, &c. 

For the times T — 2, T — 1, T, T + 1, and T + 2, find tho values 
of A, A', D, C, a, and i'. And for the time T find tho value of «', 
whioh may he regarded as constant during the eclipse. Also, for the 
times T ~ 2, T — 1, &c , find the log. tang S', log. sin D', log. cos J>, 
log. A = log. sin D" 4- log. tang S', and log. B = log, cos F + log. 
tang S'. Arrange the quantities thus found in tables opposite the hours, 
as in the following esample; and find a quantity if, from the formula, 
log. u' ^= Ar. Co. log. sin (n — rt') -\- log. sin « -[- £ 
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322 ASTRONOMY. 

For the times, T — 2, T — 1, &c. find by the following forniulse the 
quantities p, q, I, and f. 

[+lDg.sm(D-D'), 

log. p - Ar. Co. log. sin (v — iO+ 1°S- "in (A - A-) + log. coa r ; log. a = Ar. Co. !<«. sin (n— y) 

log. 6 = log. j> + log. BiQ (4 - AT + log. sin D' ( a - tt + S 6. [ + log. tang f ; 

log,d = log.p-i.log.siQ(A-A') + log, ™aiy;log.c:zAr.Co.tog.sliifT-.rT + log cos. (D - B') 

l = c-id + 3'!l' = '!-id-B: 

From the values op q hw h fib 

probloiii, their values li m d h h Th 

^, at each half hour mybtakn u hhil mf 
the preceding and foil wh h An h u h 

in a table, placing in c iimii d h n^ h u 

p and 5, the difleience fh f hhfhn Thai 

ot j> ^nd 2, for any nmd mmjhh asy btai d h 

prnpoition. The valu f ^ nd 5 t each of the times T — 1, T, and 
T -[" ^j "^^ tchpectnely j^ al t t3 uma of the preceding and following 
diffeiences Then val t th t m T — 2 and T + 2 become known 
friim fheir hoiuly changes of value. 

Take from the Nautical Almanac, tlio sidereal time at ineaa noon at 
Greenwich, nu the day of the eclipse. To this apply the sidereal time 
coiresponding to the interval between G-reeuwich mean noon and the timo 
T, by adding or subtracting, according as T is after or hefore noon. The 
result, converted into degrees, wil! be %', the right ascension of the zenitli 
of G-ieenwich, at the time T. All the preceding quantities are indepen- 
dent of the given place. 

2. To the value of 7! or from it add ir si hlrict the longitulo cf t! e 
given place, according as it is ea&t or wes' and the sum or remaindei will 
be Z, the right ascension of the zenith t the given place at the t me T 
]?rom Z, subtract the value of A it the time T and the rein un lei will 
be H, the hour angle at the given jk e at the time T Take the diffei 
ence between the values of A' at the t mes T tnd T + 1 and cdll it A 
Then the value of H at another time T' maj bo found by ad ling to its 
value at the time T, (T — T) X 15° + (T — T) / (2 2S — A ) 
When A" does not differ more than two or three seconds from 2' 28" the 
second product may be omitted without material error. 

Having found for tho given place, the logarithms p oos 4>' and p sia 
4>', by Prob. XV., tho values of «, ii, u', v\ and A, may be found by tho 
following formula : 
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P sin p' -\- log. cos D', 
. (, cos ^' 4- log. COS H, 
;-G+log.sinF 

;. G + log. B. 



PART II, 

Log. rt^ log, p sin^' + 16g. A; log./=Io 

log. M ==; log. p cos ^' -|- log. sin H ; log, G^= k 
log. w' :^ log. M + log. ainF + 9,4180 ; log. ff^l 

log, k' = log. G + 9,4180 ; log. 6 = 1, 

h = l~(a+ 6), 

3. With the values of j;, gj u, r, &c , found for the rcnuisito times, 
niako the computation by Arts. 8, 9, &e,, of the rule to Prob. XVI., 
using logarithms to four decimal figures, and natural numbers to three or 
four decimals. Then, for the times of hcginning and end thu« found, 
taken to the nearest hundredth of an hour, repeat the calculation, using 
logarithms to five or more decimal figures. 

When the eclipse is annular or total, the times of its beginning and 
ceasing to bo ao, are found in a similar manner, only using f instead of I. 

Note. — The general quantities, whose values are found bj the first 
article, servo not only for calculating the times of beginning, &o., of an 
vclipse for any place at which it will be visible, but also for the calcula- 
tions requisite to determine the longitude of a place, from the observed 
times of beginning and end at that place.* 

EXAMPLE. 

Let it be required to compute, for Philadelphia, the eclipse of May 
15th, 1836. 

1, For quanlitiei itidependenl of the place. 

By the Nautical Almanac, the time of new moon is May loth, at 2hra. 
6.9ra. Taking, therefore, T = 15d, 2h,, wo find from the Nautical Al- 
manac,f and from tables of sines, tangents, &o,, the following quantities : 



D. h. 


A 


A' 


A— A' 


y 


ff' w— it' 


15 


51°10'25".35 


52= 15' 28" .95 


-65' 3",60 


54'25".60 


54' 17".12 


1 


51 40 28 ,14 


52 17 57 .14 


-3729 .00 


64 24 .90 


54 16 .42 


2 


52 10 33 .90 


52 20 25 ,34 


- 9 51 ,44 


54 24 .21 


8.48 54 15 .73 


3 


52 40 42 .62 


52 22 53 ,55 


+ 1749 ,07 


54 23 .53 


54 15 .05 


4 


53 10 54 .30 


52 25 21 .78 


+ 45 32.52 


54 22 .85 


54 14 .73 



* Tlie yaliies of p, q, u, i; &c., are found by the fornmliB in Art, "5 of tlio Ap- 
pendix, To find liiem by the formulie in (App. 69), the tal-aes of a, d, and g, 
must first be oumputed (App. 68). For all important eolipaea, these aud the otlier 
general data arc given iit tlie Berlin Epheineris. 

■f The Talnee of A, A', D, D', sr, and }' may be oblaineci from the part of the 
Nautical Abnanas given in Table LXV, The value of n^ is ^ven la a different 
part of the Almanac. 
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ASTEO 


NOMY. 






D.h. 


D 


D' 


D-iy 


8' 


log. tans 8' 
7.8632559 


15 


19° 1'24.70"N. 


18°56'35.90"N 


+ 4'48.80" 


15' 49.90' 


1 


19 11 33.01 


18 57 11.11 


+ 14 21.90 


15 49.89 


7.6632525 


2 


19 21 36.10 


18 57 46.28 


+ 23 49.82 


15 49.88 


7.6632491 


3 


19 31 33.96 


18 58 21.42 


+ 33 12.54 


15 49.88 


7.6632456 


4 


19 41 26.60 


18 58 56.53 


+ 42 30.07 


15 49.87 


7.6832422 


D, h. 


log.8inD 


log.oosD 


log. A. 


log. B. 


rt— «' Ar. Co. log. sin 1.8017948 


15 


9.51139 


9.97582 


7.1746 


7.6391 


I* . . log. sia 8.1993348 


1 


9.51161 


9.9757E 


7.1749 


7.6390 


9.4353665 


2 


9.51182 


9.97577 


7.1751 


7.6390 


^ = + 0.273210 9.4363961 


3 


9.61204 


9.97574 


7.1753 


7.6390 


4 


9.51225 


9.97572 


7.1755 


7.6390 









At time T — 2. or Otr. 
n' Ar. Co. log. sin 1.8016094 « ~ Z Ar. Co. log. sin 1.8' 
A' . log. Bin 8.2770142™ B— ly . log. sia 7.1461719 



. log. COS 9.9756086 


a — + 0.088671 8.9477813 


:. - 1.13301 0.0542322 


1^5^+ 3480 


-A . . log. sin 8.27701re 
log. sin 9.51139 


2 = + 0.09215 


= + 0.006960 7.84263 
log. 0.0542^ 


« — «' Ar. Co. log. sIb 1.8016094 
D_D' log. cos 9.9999996 
&' . . log. tang 7.6632559 


-A' . . log. 9in8.2r70ji 
log. B. 7.6391 


c r^+ 0.291652 9.4648649 
id=+ -000046 


= + 0.000093 5.9703 


0.291606 
^ = 0.273210 



Making similar calculations for the other hours, finding the values of p 
and 2 for the half hours, by the last prohlem, and proceeding as directed 
in the rule, we obtain tho following valiios. 



p- 


Diff. 


P' 




Diir. 


?' 


I 




+ .S4036 


+ .4807 


+ 0.09215 


, (,gggg 


+ .1738 


0.56481 


— 0.89365 


.34039 




0.17903 


.08681 




.56486 


— 0.65338 


.34042 


.4808 


0.36584 


.08674 


.1735 


.56490 


-0,41184 


.34044 




0.36258 






.66494 


— 0.1'ri40 


.34047 


.4809 


0.43926 


. 08661 


.1733 


.SG497 


— 0.06907 


.34049 




0.52687 






.56600 




.34049 


.4810 


0.61341 


.08648 


.1730 


.56503 


+ 0.55005 


.34061 




0.69889 






.56504 






.4811 


0.78530 




.1737 


.66505 
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Sidereal time at mean Koon at Greenwich, 
Add for interval of 2hrs., from tab. X. 



3 22 57.98 
2 16.71 



Long, of Pliilada, 
Z, at time T, 



83°19'25".3 
-75 10 

8 9 25.3 
52 20 25.8 



H, at time T, (21.13.) —44 11 
A" ~ 2' 28".2 



Making now the approximate calculation, the resalts ohtaiaed would be 


nearly the same as those found in 


the first example to Prob. XTI. We 


may, therefore, for finding the times of beginning and end more accurately, 


take T' = O.OOh. for the beginnlB; 


g, andT' = 2,56h. 


, for the end. 


Eor the 


beginning. 




h. h. m, 

T = 0,06 = 3.6 




J, = -1.10417 ; 2=0,10258 ; /= 


0.4807; §'=0.1738; H=— 73=17' 0". 


log. p sin f' . . 9.8053 


log. p sin p' 


. 9.80532 


log, A. 7.1746 


D' . 


. log. cos 9.97582 


a = .00095 6,9799 


/= ,60414 


. 9,78114 


log. p COS. t' . - 9,88517 


log. p COS. $' 


. 9.88517 


H . log. 8in9.98J25m 


H 


log. cos 9.45885 


M = — ,73522 9.86(i42>i 




log. G. 9.34402 


D' . log. sin 9.5114 


jy 


log. sin 9.51140 


9,4180 


g = .07168 


. 8.85542 


t' = -.0625 8,7958 Ji 


V = 0.53246 




log, G. 9.3440 




log. 6. 9.3440 


9.4180 




log. B. 7.6391 



h = l—(aJ^b} = 
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ASTROKOMY. 

^ — v' = ,2363 . . . log. 9.3734G 
/ — m'=.4220 . . Ar. Co. " 0.37376 

N = 60= 48' 20" . log. cot 9.74722 

■p —u — .36895 . . log. 9.56697» 

d= —.20615 . . . 9.31419« 

N log. ajn 9.94100 

d-\- v — q = — .22373 . log. 9.34973 
h . . . . Ar. Co. " 0.24957 

F = 69° 42' 51" . . log. cos 9.54030 



IJ + IT = 130° SV 11" 


. log. COS 9.81272ii 


A == 


: log. 9.75043 


p-^u- . . . 


Ar. Co. " 0.37376 


t ^-.86478 


. 9.93691» 


T — M 


log, 9,56697» 




Ar. Co. " 0.37376 


r ^ — .87242. 


9.94073m 



' 4- i = 0.06764 =04 3.5 ^ true time of beginning. 



T' = 2.56^2. 33.6 

^ = .09793; 5=. 53625; ^ = .4810; §'==.1731; n ^ — 35=47' 0". 

log. p sin ^' . . 9.8053 log. p sin ^' . . 9.80532 

log. A 7.1752 D' . . log. cos 9,97575 

a = .00096 . 6.9805 /^ .60404 9.78107 

log. p COS. y . . 9.88517 log. p cos. if' . . 9,88517 
H . . log. sin 9,76695« H . . log. cos 9,90915 

« = — .44887 . 9.65212)1 log. G- 9.79432 

jy . . log. ain 9,5119 F . log. sin 9,51194 

9.4180 i; = . 20242 . 9,30626 

^ = — .0382 . 8,5820« v = .40162 
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log. G 9.7943 
log. B 7.6390 



9.2123 6:^.00271 

h = .56133. 



^ — ■J = .2113 . . log. 9.32490 
y ~ w' = .3180 . Ar. Co. " 0.49757 

N = 56* 23' 51" log. cot 9.82247 
jp — « =.54680 . . log. 9.73783 

d = .36333 . . 9.56030 

N . . . . log. sin 9.92059 
d +•» —g = . 22870 . log. 9.35927 
h . . . Ar. Co. " 0.25078 

I' = 70° 9' 49" . log. cos 9.53064 

N — F = — 13° 45' 58" log. cos 9-98734 

i^ log. 9.74922 

p'-~^ . . Ar. Co. " 0.49757 



. log. 9.73783 
. Ar. Co. " 0.49757 



T' — ;" -j- ( = 2.555 = 2 33 18 = true time of end. 

Beginning 7 3 23.5 A. M., Philad'a mean time. 
End 9 32 38.0 " " " " 

If a more accurate computation of the time of greatest obscuration and 
of the quantity of the eclipse is desired, let T = the time before found, 
talcen to tho nearest hundredth of an hour, and find the values of p, q, u, 
V, &e., for this time. The computation may then be made bj articles 8 
and 10 of the rule to Prob. XVI., using logarithms to five decimal figures, 
and putting the value of </ found by the first part of the present rule, in . 
stead of the number 2732. 
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ASTRONOMY. 



PROBLEM SX. 



To find the longitude of a jilace, from ike observed mean Umes of begin- 
ning and end of aji eclipse of the siea, at that place. 

Taking, for the place, an assumed longitude as nearly correct as tte 
knowledge of its situation permits, reduce the obscryei time of beginning 
to Greenwich, time, and for this time, find the equation of time from the 
Nautical Almanac, Apply tlie equation of time, according to the direction 
at the head of ita column, to the observed time of beginning, and the 
result will be the apparent time of beginning. The interval between this 
time and noon, marked negative when the time is iefore noon, will, when 
converted into degrees, bo the hour angle H. 

Let 1" = the Greenwich time of beginning, taken to the nearest whole 
minute ; and for the time T", find, as in the last problem, p, q, p', g', l; u, v, 
and h, omitting «.' and v', which are not required. Then, uaingp' and q 
instead of (p' — u') and (g' — i/), find the corrected Greenwich time of 
beginning, as Jn the last Problem. The difference between this corrected 
Greenwich time and the observed time of beginning, will be the longitude 
of the place in time, as deduced from the observed beginning; to the 
mesi when the observed timfe is the earlier of the two, but to the e«s< when 
it is the later. If the lon^tude thus obtained differs several minutes 
from the assumed longitude, the calculation should be repeated, taking the 
longitude obtained for tho aEsiimed longitude. 

In a similar manner find the longitude from the observed time of the 
end. Tho half sum of the two reeullB will the longitude of the place as 
given by the observatioBS of both beginning and end. 

2^ofe 1. When 8 table of the values of p, q, &c , hn nft 1 een pie 
viously calculated, the Talnrs of ^», j', and I, may be computed fiom the 
formulje for the time T at be^mnmg and the time T at the eni The 
value of p, at the time T* fci beginnm^, ^ubtraotod fiom its v*luc for tho 
time T' at the end will bt the change of \ilue donag the inteival bctwecQ 
tlieae two times, from this, thi valui of />', the hiuily change of iilue of 
p, may be easily obtained, wjth sufficitnt accuricy, byproportifu In the 
same way, the value of j' may be found from the two computed values of q. 

2. When the eclij se ha« been obseived it places whose longitudes 
aje aocuritely knunn, ciiiectioni ot the computed longitude, due to 
errors in the tibks mi\ be obtxinnd b\ fhe methol in Art b2 of the 
Appendix 
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The observed beginDing of the eclipse of May 15th, 1836, at Haverford 
sehool, latitude 40° 1' 12" N., and a^nmed longitude 5 h. 1 la. 25 sec.W. 
waa at 7 h. 3 m. 24.5 see. A. M., mean time ; and the end, at 9 h. 31 m. 
47 sec. Required tte longitude. 



Observed time of beginning 
Assumed diff. of long., add 

Greenwich time of 



14 19 3 24.5 
5 1 25 



Observed time of be^nning 
Equatioa of time, add 



15 
14 


4 49.5 

li, m. Bee. 
19 3 24,5 

3 56.05 


14 19 7 20.55 




4 52 39,45 



11 = 



- 73° 9' 52". 



At r = 15 5 

From the table of values in the esampl9 in the last problem, we find, 

p=— 1.09295; 5^+0.10663; ^'=+0,4807; §'=+0.1738; ^=.56482 

log. p sin *' . . . 9.8059 log. p sin a' , . 9.80595 





log. A. 


r.1746 




W . . log. CO! 9.97582 


a = .0009G 




6.9805 




f= .60501 . 9.78177 


i- P "OS- 1'' ■ 
H 


log. ». 


9.88473 
9.98098 « 


log 


;. p cos t' . . 9.88473 
H . log cos 9.46184 


M = — .73402 


9.86571 » 


log. e. 9.34657 
D log. sin 9.51141 




log. G. 
log. B. 


9,3466 
7.6S91 




,, = .07211 . 8.85798 
V = .53290 


J = .00097 




6.8857 

4 = .6628S 


) 




s- . . 


log. 


9.24005 


S 


. . log. sin 9,97332 



j/ , Ar. Co, " 0,31813 (;+i.—j=.29649 log. 9.47201 

N = 70° 7' 19" log. cot 9.55818 7i . . Ar. Co. " 0,24958 

_P — «^_.35893 log.9.5550lH F=00° lS'27"log.eoa9.69491 
-.12978 9.11319 « 



2c2 



m 
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N+F^^ISO" 25' 46" log. cos 9.81192 re p~u . . log. 9.55501 « 
h . . . . log. 9.75042 p' . . Ar. C. " 0.31813 
p' . . . Ar. Co. " 0.31813 <:' = — 0.74668 9.87314 « 



i" -f- ; = 15 4 14.2 ;= corrected Oreenwicli time of beginning. 
14 19 3 24.5 = observed time " 



5 49.7 W = longitude, from observed beginning. 



Observed time of end, 
AssuTOod longitude, add 


14 21 Bl 47 
5 1 25 


Greenwicli time of end 

ObEcrved time of end, . 
Equation of time, add 


15 2 33 12 

. 14 21 31 47 

3 55.96 




14 21 35 42.96 


Intervals 


. — 2 24 17.04 


H= . 


— 36" 4' 16" 



p ^ 0.09312 ; 2 = 0.53452 ; / = 0.4810 ; ^ = 0.1731 ; I = 0.56500 

log. p sin ^' . . 9.8059 log. p sin *' . . 0.80595 

log. A. 7.1752 ff . . log. cos 9.97575 

9.78170 

9.88473 
>s 9.90757 



a = .0096 6.9811 


/= .60492 


5. p COB *' . . . 9.88473 
H . . log. aiii 9.76996 « 


log. , eo. t' . 


u ^ — .45153 . 9.65469 n 


jy . . 


log. & 9.7923 
log. B 7.6390 


<j = .20148 
V = .40344 


h = .00270 . 7.4313 




A = .l 


56134 
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9.23830 N 


. log. sin 9.97355 


0.33785 d+v- 


-5=.06492 log. 8.81238 



log. 

Ar. Co. " 

= 70° 12' 27" log. cot 9.55615 h . . Ar. Co. " 0.25077 
-w = .54465 log.9.73612 F:^83M5' 10" log cos. 9.03670 

d = . 10600 . . 9.29227 

_F = _10=32'43"log.cos9.98775 p — u . log.9.73612 

h . . . tog. 9.74923 / . A. C. " 0.817 85 

^ . . A. C. " 0.31785 ("^1.13232 . 0.06397 
i = 1.13456 . . 0.05483 



- f -\- t ^ 15 2 S3 8.1 = corrected Ureenwiuh time of end. 
14 21 31 47 = obserred time " 



1 21.1 W = longitude, feom observed end. 
49.7 W = " " beginning. 



half sura = 6 1 5.4 W ^= longitude from both obserrationa. 

Scholiwm. The longitude thus obtained is subject, however, to the 
error which results from errors in the tables. But the present eclipse 
being visible and observed, at many of the European Observatories, as 
well aa in this country, the longitudes of wbicb had been previously as- 
certained with considerable aecuraoy, the means have been afforded for 
correcting this error, by tbo method in the Appendix (82). C. Humker, 
Director of the Hamburg Observatory, computed (he principal observa- 
tions made both in Europe and this country, and thenoe obtained equa- 
tions for correcting the errors of the tables. From these, 8eara C. Wal- 
ker, of Philadelphia, has obtained t = — 2" .934, and ? = — 7".198.* 
With these values and those of a and i, which are easily fnund from their 
expressions (App. 82 j), we obtain (App. 82 a), - — 15.22 sec, and — 4,64 
sec, for the corrections to be added to the lon^tudes found above, 
from the observed beginning and end respectively. Since the longitudes 
are west, they are, in accordance with the formula, to bo regarded as nega- 
tive. Hence the corrected longitude deduced from the observed beginning 
is 5 h. 1 ffi. 4.92 sec. W., and that from the end, 4 h. 1 m. 25.74 sec, W. ; 



* Trausaotiona of the Amerloaa Philosophical Society, -vol. VI. 
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332 ASTRONOMY. 

the mean of which, 5h. Im. 15.33sec. W., is the longitude of Haverford 
School, as ^ven hy the ohservations.* 

The obserYations of the eclipse made in this country, combined with 
those made in Europe, afforded favoiirable means for determining the 
moon's parallax. The constant of her equatorial horizontal parallax, de- 
duced by S. C. Walker, is 57' 2" ; which, agreeing very nearly with a 
late determination of its value by Henderson, from an extensive series of 
meridian observations made at Greenwich, Cambridge, and the Cape of 
Good Hope, is probably to be regarded as more accurate than 57' 1", 
given in the former part of the work (95), 

PROBLEM XXI. 
To caleidaie an Occullation of a fixed star lyij ihe momi, for a given place. 

1. Let A = moon's right ascension, A' = star's right ascension, D = 
moon's declination, D' := star's deelination, A" ^^ moon's hourly varia- 
tion in right ascension, D" moon's hourly variation in declination, n = 
moon's equatorial horizontal parallax, H' = star's hour angJo for Green- 
wich, and H = star's hour angle for the given place. 

2. Iiet T = the mean time of conjunction of the moon and star in 
right ascension, taken to the nearest whole hour ; and for the time T, find 
the quantities f, q, p', and g', from the following formulie. 



^ A" cos D , 5/=^' 

The quantities ji' and g', which are the hourly yariations of ^ and 5, 
may be regarded as constant. The values of p and g for a time T', may 
be found by adding to, or suhlrac/ing from, their values at the time T, 
the quantities (T co T'). j/, and {T <x> T). g', respectively, according as 
T' is later or earlier than T. 

3. To the logarithm 9.4192, and from it, add and subtract log. sin D', 
and the sum and remainder will be respectively two logarithms o£ D and B, 

4. To the sidereal time at mean noon at Greenwich, on the day of the 
occultatjon, taken from the Nautical Almanac, add the sidereal timo cor- 



■ From the eclipse of September, 1838, Prof. Kendall, who oompiited the lon- 
gitudes of various places at which the eclipse waa observed, obtained for that of 
Haverford School, 5h. Im. 15.0sec. ¥.— Am. Pliiloa. Trans, vol. VII. 
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responding to the interval between noon and the time T, taken f 
S. IFrom tte sum subtract A', the star's apparent right £ 
converting the remainder into degrees, it will be the value of H', at the 
lame T. To this apply the longitude of the given place by adding when 
it is eos(, but sjiBft-actiiipwhenit ismes^, and the result will be the value of 
H, at the time T. The value of H at any other time T', may be found 
by applying to its value at the time T, the change in the right ascension 
of the zenith during the interval between T and T, taken from table XIV. ; 
adding if T' is later than T, but suhtractmg if it is earlier. 

5. Having found the logarithms of p cos ^' and p sin j', for the given 
place, by Prob. XV., find /and log. G, from the expressions log./ = 
log. p sin f-' + log. cos D', and log. G- = log. p cos $' -}- log. ain IV. 

6. Taking the valu.es ofp, q, and H, at the time T, find the quantities 
■u, 11, &c., by the following formulso. 

log. « ^ log. p cos f' -\- log. sin U ; log. g = log. G + log. cos H ; 
log. t' = log. u + log. D ; log, w' = log. g + tog, E; 

log. («t N = log. ((/ — w') + Ar. Co. log. (/ — v.'), 

log. / = log. cot EJ + log. (j>—u) ; log. oosP=log. ein N + log. {d-{-v~-q) 4- 0.5645 

N and V both to be less than 180". 
]w. I =: log. cos (N + F) ■+ 9.4354 + Ar. Co. log. (p' — vT) ; 

log. i ^ log. cos (N — F) + 9.4354 + Ai. Co. log. (j)' — «.'); 
log. t" = log. {p — u) ■\- Ar. Co. log. {p' — M^). 
Then will 'S -— f -\- t ^= approximate time of immersion, 
and T — (" + (" =^ " " emersion. 

7. Taking Tto stand for the approximate time of immersion, find p, 
q, and H, for this time ; and proceeding as in the last artii le, find ( and (", 
omitting i. Then T' — ^' -^- (, will be the time of immersion, very 
nearly. In like manner, finding, for the approsimate time of emersion, 
t and f, we have T ~ f -\- i ior the time of emersionj very nearly. 

8. With the values of « and v at the approximate time of immersion, 
find Q and V, as in Prob. XVT., art. 12. The arc V will designate the 
place of immersion, in reference to the moon's vertex, as teen through a 
telescope that inverte. A similar process will give the place of e 
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Let it be required to oaloulate for Greenwich, latitude 51° 28' 39" N., 
the occultation of i, Leonis, of Jan. 7tii, 1836, having given the following 
data taien from the Nautical Almanac. 

h. ni, see. 

Mean time of conjunc. in right asccn. . . 12 12 17 

Star's apparent right ascen. . . . 10 23 26.39 

Moon's right ascen. at 12h 10 23 1.27 

" " " atl31i. . . . 10 25 3.92 

Star's apparent declination, .... 14° 58' 38.8" 

Moon'a declia. at 12h. . . . 15 35 27.1 

" " " ISh 15 23 38.4 

" equat. hor. par. at 12h. ... 56 3.5 

Sidereal time at mean moon, 19h. 4m. 22.41sec. 

From these we Lave, T = 12h. ; A — A' = — 25.12 = (in arc), — 

377"; D — D' = 36' 48" = 2208"; A" = 2 2.65 = 1840"; D" = 
—11' 48".7 = — 709". 

A — A' = — 377" log. 2.5763 n D —V = 2208" . log. 33440 

rt=.3363Ar.Co." 6.4733 n . . Ar. Co. " 6.4732 

D=15°35'log. coa 9.9837 q = .GbQ . . 9.8172 

ji = — .108 . 9.0333)1 

A"=1840" . bg. 3.2G48 I)" = — 709" log. 2.8506m 

* . . Ar. Co. " 6.4733 ^ . . Ar Co. " 6.4738 

D . . . log. COS 9.9837 5'=— .211 . 9.3239 » 

p' = .527 . . 9.7218 

9.4192 
jy = 14" 59' log. sin 9.4125 

log. D. 8.8317 
log. E. 0.0067 
For Greenwich, log. p eos ^' = 9.79526, and log. p sin ^' ^= 9.89139 
log. i> sin t' ■ ■ 9.8914 log. p cos ^' . . 9.7953 

ly log. cos 9.9850 V log. sin 0.4125 

/= .752 9.8764 log. G. 9.2078 
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PART 11. 335 

At time T = 12L. 

Sidereal time of mean noon, GreBQwicli . . 19 4 22.41 

Add for interval 12hrs 12 1 58.28 

7 6 20.69 
A' ^ 10 23 26.39 

— 3 17 5.7 

H'=: 49° 16' 25.5" 

Long, of Greenwich . . . . .000 

H, the star's tour ang. at time T, . . — 49 16' 25.5" 

p= — .108 ; q = .6513 ; H = — 49° 16' 
log. p cos 4>' . . . 9.7953 log. ft 9.2078 

H . log. sin 9.8795 n II . log. coa 9.8140 

M = — .473 9.6748 u ^ = .105 . . 9.0224 

log. D 8.8317 log. E 0.0067 

i/ = -]-.032 . 8.5065)1 m' =^ .107 . . 9.0291 
v- = .647 

g- — i/= — .179 log. 9.2529 n N . . log. sin 9.9638 

p' —u'= .420 Ar. Co." 0.3768 t; + w — 2 = — .165 log. 9,2175 n 

N= 113" 5' log. oot 9.6297 m 0.5646 

p —u= .365 log. 9.5623 F = 123" 51' log. eoa 9.7459 n 

d = ~l^Q log. 9.1920 n 

N + F = 236' 56' log. cos 9.7369 n N — T == — 9° 46' log. cos 9.9937 

9.4354 9.4354 

/ — V Ar. Co. log. 0.3768 / — u' Ar. Co. log. 0.3768 

;:^ — .354 9.5491m (" z= .640 9.8059 

h. 

p —u log. 9.5623 T — i"-f (^10.78 = aj52'nia^.timeofimmer8ion. 

p- — w'Ar.Co." 0.3768 T — !"-f (■^11.77^ " " emersion. 

("=.869 9.9391 

At time r= 10.78 h. 
«=. — .751 ; 2^.913 ; H ^ — 67° 37' 
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336 ASTRONOMY. 

log. p cos $' . . 9.7958 log. Gr 9.2078 

H . log, sin 9.96ti()m H . . log. cos 9.5807 

u = — .577 i)T7Fl3« ^^.061 . . 8.7885 

log. D 8.8317 log. E 0.0067 

;>' = — .039 8.5930re u' = .062 . . 8.7952 

i> = .691 

<l~'^ = -~.VJ2 log. 9.2355 fi N . . log. sin 9.9722 

p' — u'^ .465 Ar. Co. " 0.332^ d-\-v~q^^— .158 9.1987 n 

N= 110° 18' log. oot 9;5680 7i . . . 0.56-tC> 

p —u = — .174 log. 9^405_ji F = 122° 57' log. cos 9.7355 n 

d = .064 8.8085 

N + F:zz=233'15'log. 009 9.7769™ _p— w . . log. 9.2405 )t 

9.4354 p' — u' Ar. Co. " 0.3325 

^' — u' Ar. Co. log. 0.3325 (" = — .374 9.5730™ 

i-^^ — .SSl 9.5448 w 

T _ (" + ( = 10.803 = 10 48.2 = time of immersion. 
At time T' = 11.77 li. 
J) = — .229 ; 5 = .705 ; H = — 52° 44' 
log. p cos ?.' . . 9.7953 log. O 9.2078 

II . log. am 9.9008 n H . . log. cos 9.7821 
u = — .497 9.6961 n g = .098 8.9899 

log. D 8.8316 log. E 0.0067 

j/= — .034 8.5277™ V= .099 8.9966 

V = .654 
g-— 1/ = — .177 log. 9.2480 «. N . . log. sin 9.9657 
p' — V = .428 Ar. Co. " 0.36S6 (? + 1> — 3 = — . 162 log. 9.2095 « 

N= 112=28' log. cot 9.6166« £'^^1 

p — u= .268 log. 9.4281 E = 128= 9' log. eoa 9.7398 «. 
rf:= — .111 9.0447™ 

N — F==— 10''41'log.eoa9.9D24 p~u . . log. 9.4281 

9.4354 p' — u' Ar. Co. " 0.3686 

/ — «.' Ar. Co. 0.3686 g' = .626 9.7967 
/ = .626 9.7964 

T ^f + i = 11.77 — 11 46.2 = time of emersion. 

At T — 10.78 h. At T' = 11.77 h. 

M^ — .577 log. 9,7612w m = — .497 log. 9.6964™ 

V = .691 Ar. Co. " 0.1605 v = .654 Ar. Co. " 0.1844 
Q= — 39=52' tang 9.9217 n Q= — 37" 14' tang 9.8808*1 

V == 3=.l, to the east. T = 116°.5, to the eaat. 
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PEOBLliM XXll. 
To find the longitvde of aplacefrom an ohs&rved oandtatwii of a fixed 

1. Let A, A', &o., be as in the last problem, and k r= .2725. TJHng 
the estimated longitude of the place, reduce tte observed mean time of 
immersion to Qreenwich time. Let T stand for this time, and T for the 
same time taken, to the nearest tenth of an hour. From the Nautical 
Almanac, find, for the time 1", by problem XVIIL, the values* of A, D, 
A", D", and, by proportion, the value of n ; and also take out the values 
of A', jy, and the sidereal time of mean noon. 

2. With the values of A, I), &c., at the time T', find tie values of ^, j, 
■p', and ^, from the following formula!. f 

_ (A — A!) cos D _ _ D~D ' 

log. B = log. p + log. sin ly + 4.6856 
<^ = B. (A — A'} ■,q = c-\-hd 



3. To the sidereal time atm 
ing to the interval that T is past n 



on add the sidi 
, taken from t; 



e X., and from the 



1 subtract A'. To tho remainder apply the longitude of the plaee 
time, by adding if it is east, but subCractinr/ if it is west, and, converting 
the result into degrees, it will be H, the star's hour angle at the c 
time of h 



* Aa the values of A ami D are given in. the almojiao for o^ery hour, the values 
at the time T' may he ohtained, nearly, hy proportion; .ind tiie values of A" and D" 
bytakmgthe differences between the values of A and D, respectively, at tiie preced- 
ing and following honrs. But it is more accurate and but little additional trouble 
to employ the problem for interpolation. 

■f By differentiating the expressions for^i and j (App. 7S), we obtain tlie follow- 
ing expressions, very nearly, which are in noeordanoe with the rule : 



20626B ■ 



► + ynf 
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838 ASTRONOMY. 

4. Having found log. p cos $' and iog. p sin ^', for tte place, by Prob. 
XV., find u, V, N, P, ( and i" by the following formulie. 
/=psin4.'c08iy 
u =^ p cos ^' sin II ; g ^ ^ sia ^' cos H sin D' 

cot N = -V i (/ = (p — «) cot N 

(^ + ^ -^ 9 ) sin N 
cos F — i~^ v-i— 

^ _ ^ cos (K + F) . g,^P^_^ 

Then will, T' — !" + (, be tbe corrected Grreenwieh mean time of the 
immersion. Tbe difference between this and the observed time, will be 
the longitude in time j west, if the observed time is the earlier of the 
two, but east, if it is the later. 

In a similar manner we deduce the longitude from the observed emer- 
sion, except, that, instead of (, we find ( = —. — — . When the 

jminersion and emersion have both been, observed, tbe longitude should be 
obtained from each, and the mean of the two r^ults be taken. 
EXAMPLE. 

Suppose the observed immersion of i, Leonis, on Jan. 7tb, 1836, at a 
place in latitnde 52° 8' 28" N., estimated longitude Oh. Im. W., was lOh. 
45m. 53.3 see., mean time ; reqnired the lon^tude of the place. 

The observed time of immersion reduced to Greenwich time is, T = lOh. 
46m. 53.3 see. Taking T' = lO.Sh. = 10|h., we eaaly find from the 
Kautical Almanac, 

A = 10 20 33.89 ; D = + 15° 49' 31.2" 
A' =10 23 26.39 ; D'= + 14 58 38.8 

A" = 122.905 = (in arc), 1843.6" ; D" = — 700.5" 
A — A' = — 2587.5" j D ~ D' = 3052.4" „ = 3362.0" 
A ~ A' . . log. 3.41288ra D — D' . . log. 3.48464 

H . Ar. Co. " 6.47340 « . Ar. Co. " 6.47340 

jy . log. cos 9.98322 c = .9079 .95604 

^ = — 7404 . 9.86950n ^ d= .0012 
D' . . log. sin 9.4124 q = .9091 

4^8^ 
log. B 3.9675« 
A — A' . . log. 3.4129m 
d = .0024 . 7.3804 
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M' . . log. 3.26567 

t . Ar. Co. " 6.47340 
. log. cos 9-98322 
/ = .5276 9.72229 



log. 2.84541ii 

Ar. Co. " 6.47340 

-.2084 9.31881m 



log. B 3,9675« log. B S.9675« 

A" . . 3.265 7 D" . . . 2^8454™ 

c' ^ — .0017 7.2332» d' = .0006 . 6.8129 

p' = a' — rf' = .5270 ; 5' ^ 6' 4- t' ^ ~ .2101. 



Sidereal time at mean noon, Greenw. from N. A., 


19 


4 22.41 


Inter, from i 
noon < 


riOh. gives 
46m. " 


1 from tab. 


X. 


10 


1 38.50 
46 7.56 


to time T. 1 


L53.3.sec. " 


" ■ 




" T 


53.45 
53 1.98 


A' 








10 23 2(1.39 
~ 4 30 24.41 


Estimated lo 


ng. W. . 






—T 


1 0. 
31 24.41 








n^ 


-67° 


51' 6" 


J Prob. XV., 


we liave log. 


P cos $' . 


^ 9.78888, log. 


psiii? 


,' = 9.89538. 


log. p sin ^' 




9.89538 








D' 


log. cos 


1 9.98499 








/ = 


.7592 


9.88037 






■g P cos f' 




9.78888 


log. p cos 4-' 




. 9.78888 


H 


log. Sil 


1 9.96671. 


■L H 


log 


. cos 9.57635 


w = - 


- .5696 


9.75559. 


. ly . 


log 


. ain 9.41230 


V = 


.6993 




g = .0599 


8.77759 


2' ■ 


. log. 9.32243 « 


N . 


. log. 


sill 9.96797 



/ Ar. Co. " 0.27819 t?-|-Tj — 5=— .1417 log. 9.15137 « 

N=lll=44'10"Iog.cot9.60062)t k . . Ar. Co. " 0-56463 

p— M=+.1708 log. 9.23249 m F^^llS" 53'0" log. cos 9.68397 .i 
rf™ .0681 8.83311 



N-|-F = 230°37'10' 



, cos 9.80241 n 
log- 9.43537 
Ar. Oo. " .27819 
3281 9-51597 n 



i . log. 9.23249 w 
)' Ar. Co. " 0.27819 
"^—.3241 9.51068 » 
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ASTRONOJir. 



T — ^' + t ^ 10 47 45,6 
ObsErved time = 10 45 53.3 



Long, of place 1 52.3 W. 

PROBLEM XXin. 

To find the Seliocentric Longitude and JjaMtude, and the Sadins Vector 
of Mercury, for a given time. 

Eeduoe the giTen time to mean time at Greonwieh. Take from, table 
LXIX., the mean longitude of Mercury, tlie longitudes of the aphelion and 
node, and the arguments II. and in., corresponding to the given year. 
Under the three former, place the motions for the months, days, hours, 
minutes, and seconds of tho giTcn time, taken from tables LXX. to 
LXXII. ; and under each of the latter, place the number D, in table LXX., 
corresponding to the given month, and also the number capressing the 
day of the month, diminished by a unit. Add together the quantities in 
each column, rejecting 12 signs when either sum in the first three columns 
admits the rejection, but setting down the whole amount in each of the 
last two columns. Subtract the resulting lon^tude of the aphelion 
from the mean longitude of the planet, and the remainder will be the 
mean anomaly. 

With the mean anonialy as the argument, take the equation of the 
centre from table LXXIIL, and applying it according to its signs to the 
mean longitude, add to the result the equations II. and m., taken from 
table LXXIV., with their respectiTe arguments. The sum will be the 
orlni longitude of Mercury. 

From the orbit longitude subtract the longitude of the node, and the 
remainder will be the argument for the latitude; it will also be tho argu- 
ment for the reduction to the ecliptic. With this argument take the 
reduction from table LXXVI., and apply it according to its sign to the 
orbit longitude. Tho result will he the heliocentric ecliptic longitude, 
reckoned from the mean equinox. With the argument N, found from the 
solar tabies for the given time, take the nutation in longitude from table 
SXX., and apply it according to its sign to the longitude from the mean 
equinox, and it will give the longitude from the true equinox. 

With the argument of latitude take, from table LXXVIII. the latitude, 
and also its secular variations. Multiply the secular variation by the 
number of years,— the givsn time is subsequent to 1800, — and divide the 
product by 100. The result added to the latitude takea from the table, 
will give the correct heliocentric latitude. 
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With the meiin anomaly as tho argument, take the radiua vector from 
table LXXT. 

Exam, 1. Eecttiired the heliocentric longitade and latitude, and the 
radius vector of Mercury, on the 13th of June, 1836, at 20h. 12m. SOsee. 
mean time at Gc-roeawich. 







M. Long. 


Aphelion. 


Node. 


II. 


III. 


isafi. 

June 
13th. 
SOh. 

30 sec 


9B 8" 52' 11" 

1 19 fi 31 

3 34 37 

3 3 

5 


89 14° 63' 43" 
S3 
S 


Is 16° 33' 36" 
18 

i 


377 
153 
13 


1935 
152 


8 14 64 8 
r S3 Sr 56 


1 16 33 45 
8 33 33 


541 


30S9 


Eq. Cent. 


+ 


33 37 56 
6 55 ST 


11 8 33 48 
M. Aiiom. 

183G. 
June 
13 d. 


6 14 47 
Arg. Lat. 
K 

843 
23 

866 




Eq. 11. 
Eq. III. 


8 


33 3,1 
+ 4 
+ 6 




Orbit Long. 
Eeduct. 


— 6 10 




Nut 


8 


17 16 


Hcl. Lat. from table 1° 
Sfic Variation 

Tnie Hcl. Lai. 1 
Radius Vector 0.46S87. 


41' 39.6" S. 
+ 1.5 


llel. Long- 


' 


17 3 


41 31 S 



2. Reijuired the heliocentric lon^tude and latitude, and the radius 
vector of Mercury, on the 17tli of November, 1837, at llh. 29m. 20sec. 
mean time at. Philadelphia. Ans. Long. 221° 47' 1" ; Lat. 0° 33' 55"N. 
Kad. Vect. 0.44780. 

PROBLEM SXrV. 



The Jteliocentrlc longitude and latitude, and the radius vector of Mefrcwry 
(U a given time heing given, to find its geocentric longitude and lafiCude 
and its horizanlal parallax and semidiameter at that tirne. 

For the Geocentric Longitude. 

To the sun's longitude at the given time, found by Prob. VI., add 
180° 0' 20", aud the sum -n-ill he the eai-tii's longitude at the time.* Find 



*■ The sun's longitude found from tJie tatles is the apparent longitude as af- 
fected by aberration, aud is tlierefore 20" less tliiin true longituJe. 
21.3 
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342 ASTRONOMY. 

the earth's rsAms vector, by aiidiag to the radioa vector taken from table 
XXSI., with the sun's mean anomaly as the argument, the pei'turbationa 
taken fi'om the small table on the same page, with tbe arguments I., 11., 
aQd III. 

Subtract the longitude of tlie earth from the heliocentric longitude of 
the planet ; the remainder, if less tian 180°, will be the angie of com- 
mutation, to be marked zoesi; but, if the remainder is greater than 180°, 
its supplement to 360° will be the angle of commutation, to be marked 
f.is(. Take half the angle of commutation, and subtraoting it from 90°, 
call the remainder A. 

Add together the log. cosine of the planet's heliocentric latitude, the 
logarithm of its radius vector, and the arithmetical complement of the 
logarithm of the earth's radius vector, rejecting the tens from the inder 
of the sum, and tbe result will be the log. tangent of the arc B. 

To the log. tangent of the difference between the arc B. and 45° add 
the log. tangent of the arc A, rejecting ten from the index of the sum, 
and tbe result will be the log. tangent of an are C. Subtracting C from 
A, the remainder wiU be the angle of elongation, of tbe same name as 
the angle of commutation. 

If the angle of elongation is east, add it to tbe sun's longitude increased 
by 20"; but if it is west, su6fi-«c( it from the sun's longitude thus increased; 
and the sum or remainder will be the true geocentric longitude. 

Add together the arcs A and 0, and the sum will be the annual parallas. 
With the elongation, annual para-llas, and geooentrio latitude as argu- 
ments, find the aberration in longitude from table LXXIX., and, applying 
it to the true longitude, the result will be the apparent longitude. 

For &e GcoceiUiie Latitude. 

All tcgether the log tangent of the heliocentric latitude, the log =ino 
of the elrngitnn, md tbe antbmetical cimplement of the los sme ot the 
commutation, leiecting ten from tbe iniix cf tbe sum, and the result will 
te the log tangent of the true geocentric latitude, whi(,b will be of the 
same name ie the heliooentno latitude 

^ith the angle of elongation increased by 270°, and the -ranuil paixl- 
lax and jjLOocntric longitude, each increased by 90°, is mgumcnts tako 
from table LXXIX , part** I , II , and III , lespntivoly, of the aboiiation in 
Ifingitudo, and idd them togethei, having regard to their signs Multiply 
the sum by the multij her, tjlen from a small table at the b Dttom of page 
74, and the product will be the first three parts of the aberration in lati- 
tude. Tate from the other small table on tbe same page, part IV. of the 
aberration in latitude, and add it to the former three, attending to the 
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signs, and the sum will be the aberration in latitude, 
true geocentric latitude as affirmative or negative, according as it is north 
or south, add to it the aberration in latitude, and the result will be the 
appai'ent latitude. 

For tJte Morizonial Pafallax and Scmidiameter. 

Add together the constant logarithm 0.93337, the log. sine of the true 
geocentric latitude, the arithmetical complement of the log. sine of the 
heliocentric latitude, and the arithmetical complement of the logarithm 
of Mercmys radius vector, rejecting ten from the index of the sum, and 
the result will he the logarithm of the horizontal parallax, in seconds. 

To the constant logarithm 9.57584 add the logarithm of the horizontal 
pai'allas, and the sum, rejecting ten from the index, will be the logarithm 
of the semidiameter in seconds. 

Note 1. The true geocentric longitude and latitude and the horizontal 
parallax of the planet Venus, may be found in the same manner. The 
constant logarithm 9.98302 added to the logarithm of the horizontal paral- 
lax, and ten rejected from the index of the sum, will give the logarithm 
of the semidiameter. 

2, The geocentric longitude and latitude of a superior planet may also 
be found in the same manner, except that, in finding the arc B, one ten 
must be retained in the index of the log. tangent, and the sum of and A 
must be taken for the elongation, instead of their difference. 

3. At the time of conjunction, the angles of commutation and elongation 
are each nothing, and, consequently, the geocentric latitude and the paral- 
lax cannot be found by the rule. In this case, add the log. cosine of the 
heliocentric latitude to the logarithm of the planet's radius vector, reject- 
ing ten from the index of the sum, and the result will be the logarithm of 
the curtate dlietanoe of the planet. Take the difference between the 
curtate distance and the earth's radius vector, or the sum of the two, accord- 
ing as the conjunction is inferior or superior, and add together the arith- 
metical complement of the logarithm of this differenoe or sum, the loga- 
rithm of the planet's radius vector, and the log. sine of the heliooentrio 
latitude, rejecting ten from the index of the sum, and the result will be the 
log. tangent of the true geocentric latitude. Also, add the logarithm of 
the above mentioaod differcaco or sum to the logarithm 0,93337, and the 
sum will be the logarithm of the parallax. 

Exam. 1. Required the geocentric longitude and latitude, the horizontal 
parallax, and the semidiameter of Mercury at the time given in first exam- 
ple of the last problem. 



,v Google 



344 
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For tlie Geocentric Lonf/iiude. 

Sun's longitude found by Prob. VII. . . .83= 13' 14" 

Add 1 80 20 

Eaiti's longitude . . . ■ . 263 13 34 

Sun's anom. 5" 12' 32' 2", gives, tab, XXXI., . 1.01592 

Arg. I, 999, gives 8 

" n. 926, " 4 

" III. 924, " 2 

Earth's radius vector ..... 1.01606 

Heliocentric long. Mercury .... 240" 17' S" 

Longitude of Eartli 263 13 34 

337 3 29 
360 

Commutation 22 56 31 E 

11 28 15 

90 

A = 78 31 45 

Mercury's hel. lat. 1° 41' 31" S log. oos 9.99981 

" rad. Tect. 0.46287 log. 9.66540 

EOTth's " " 1.01606 Ar. Co. " 9.99309 

B . . . 24° 28' 58" log. tan 9.65836 

45° — B 20° 31' 2" log. tan 9.57313 

A . . . 78 31 45 log, tan 10.69267 

C . . . . 61 31 52 log. tan 10.26580 
Elongation . . 16 59 53 E 

Sun's long. + 20" 83= 13' 34" 

Elongation 16 59 53 E 

Mercury's true lon^tude .... 100 13 27 

Elongation 17= 0' gives, tab. LXXIX., parti. — 19" 

Ann. par. 140 14 " " " n. + 25 

Geoo. Long. " " " III. — _6_ 

Aber. in long. ....... 

Ilcnce the apparent geocentric longitude is in tliis case tbe laime as t 
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For the Geocentric Latitude. 



Hel. kt. 1° 14' 31" S log. tan 8.47038 

Elongation 16 59 5:3 log. sin 9.46589 

Commutation 22 56 31 Ar. Co. " 0.40916 

True geoc. lat. 1 16 9 S log. ten 8.34543 

Elong. + 270" = 287" 0' Part I. — 6" 

Ann. par. -f 90 = 230 4 " II. + 21 

Gcoo. long. + 90 = 199 13 " III. -h 3 

+ 18 
Multiplier 0.02 

-puse" 

Ai^. of lat. 194° 1', gives, part lY. - \- 3.0 

Aber. in lat + 3" 

True gooc. lat — 1°16'9" 

Aber. in lat -|- 3 

Appar. geoc. lat, . . . . 1 16 Q 8 

C. log. 0.93337 

True geoe. lat. 1° 16' 9" log. sin 8.34535 

Hel. lat. 1 41 31 Ar. Co. " 1.52980 

Had. vect. 0.46287 Ar. Co. log. 0.33454 

Hor. parallax 13.0" 1.14306 

C. log. 9.57584 
Semidiam. 5.2" 0.71890 

2. Required the apparent gcocciitrio longitude and latitude, the hori- 
zoutal parallax and the semidiam eter' of Mercury at the time given in the 
second example of last problem. Ans. App. geoc. long. 230° 59' 53", 
app. geoc. lat 0° 10' 42" N.j hor. par. 6.0"; and semicliam. 2.3". 



PROBLEM XXV. 

To Culcalale o. Transit of Mercury. 

1. For Greenwich mean noon of the day on which the transit occurs, 
find the sun's longitude, hourly motion, the apparent obliquity of the eclip- 
tics and Mercury's helioeentrio longitude. To Mercury's mean anomaly, 
add 10' 14", the mean hourly motion in anomaly, and the sum will he the 
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mean anomaly, an hour after noon. With this anomaly take ont agMn 
the equatioa of the centre, and adding 10' 14" to it, subtract from the sum 
the equation of the centre at noon. The remainder will he Mercury's 
hourly motion ia longitude, nearly. To the sun'a longitude, add 180° 0' 20", 
and the sum will be the earth's longitude. Then, as the difference of the 
hourly motions of Mercury and the Sun : the difference of their longitudes 
; : 1 hour : an interval of time. When the earth's longitude is greater 
than Mercury's, a<M this interval to the mi in noon at Grccnwioh, hut 
when it ia Ua subtract the interval, and the sum. or remainder will he the 
approximate time of conjunction in longitude 

2. Let T be the approximate time of eonjunttion, taken to the nearest 
whole hour, and ( an interval of two or three hours. For the times T — (, 
and T 4- '> li«'l t^^ sun's longitude, radius vector and declination, and 
Mercury's heliocentric longitude, latitude, and the radius vector, and 
thence the apparent geocentric longitude and latitude. Take half the 
sum of the sun's mean anomalies at the times T — ( and T -|- (, and it 
will he the mean anomaly at the time T. In like manner find the radius 
vectors of the earth and Mercury at the time T. With these find the 
sun's semidiameter and Mercury's equatorial horizontal parallax and semi- 
diameter. Add together the semidiametera of the sun and Mercury, and, 
espressing the sum in seconds, call it 7e. To the constant iogaiithm 
7.95071 add the logarithm of the sun's semidiameter in seconds, and 
the sum, rejecting ten from the index, will bo the logarithm of the sun's 
borizonta] parallax. 

Take half the snin of the sun's longitude, at the times T — ;, and 
T 4- ', ^nd it will he his longitude, at the time T. In like manner, find 
the sun's tabular mean longitude, at the time T. To this add 2°, and 
the equation of the equinoxes in right ascension, found from table XXX., 
with the argument N, at the time T — (, and the result will be the sun's 
mean longitude from the true equinox. With the sun's longitude at the 
time T, and the obliquity of the ccliptio, find his right ascension. Sub- 
tract the right ascension from the corrected mean longitude, and the re- 
mainder, converted into time, would be the equation of time. 

3. Let L = Mercury's geocentric longitude, ^ ^= her geocentric lati- 
tude, n = hiT horizontal parallax, 1/ ^^ sun'a longitude. A' ^:^ his right 
ascension, D' =: his declination, neyaiioe when south, and t =: apparent 
obliquity of the ecliptic. Then taking the values of the quantities at the 
times T — t and T -]- ;, respectively, find, for each time, the values of p 
and 2 from the following formuhe : 



,v Google 



PART n. S47 

Log, a = log, (L — L') -+- log. cos s + Ar. Co. log. cos D", 

log. h = log. Jl + log. coa E -f Ar. Co. log, cos D', 

log. e = log. a + log. tang t + log. cos L', 

log. d = log. 6 -{- log. tang. E 4" iog. COS. L', 

p = a ■ — d; 2 = i-)-c. 

Sulitraet tlie value of p, at the time T — (, from its value at the time 
T -f- 'i ^'I'^f dividing the result by the number of the hours in 2^, the quo- 
tient will he p'. Do the same witli the values of j, to obtain g'. 

4. Tate T' and T", to repreaent the times T — I, and T -f (, respec- 
tively, and let h = the difference of the semidiatneters of the sun and 
Mercury. Then, using the values of p and g, at the time T', find N, d, 
F, (, (, and i", by the following formulse ; observing that the are N" ia to 
be negative, and will, therefore, be between 0° and ■ — 90" when, its 
cotangent is affirmative, but between — 90°and — 180°, when the cotan- 
gent is negative. 

Log. cot. N =n log. (f 4* ^''- Co. log. p' ; log. d = log. cot W -\- log. p ; 
log. cos F = log. sin N -|- log- (<^ — j) + Ar. Co, log. h ; 
The ai-e F to be afSmiative and less than 180°; 

log, t = log. cos (N + P) + log. h + Ar. Co. Jog. p' ; 
log. {' =^ log. cos (N — F) + log. h + Ar. Co. log. p' ; 
log. *" = log, p 4" Ar. Go. log. p'. 
Then wc shall have, in Greenwich mean time, 

T' — (" -|-- ' ^= time of first contact, for the earth's centre, 
1" — i" 4- (' = « last " " " . 

To find aumliary quantities /or eompviing ike effect of parallax on the 
times of iiigress aiid eyress. 

5. Let H' be the hour angle at Greenwich, and find its value for the 
time of first contact, by adding the equation of time to the mean 
and converting the interval between the resulting apparent time and : 
into degrees. And using the value of D' at the time T, find, 
log. 6 = 3.6668 4- log. {tt ~~ s-') + log. sin N + Ar. Co. log. tin F + Ar. Co. log. p' ; 

log. A = log. G + log. cos (N + F) ; log. B = log. G 4- log. sin {S 4- F) 

log. C = log. E + log. cos D' ; 

(og. tang M»=log, B+Ar. Co. log. A4-log. sin D'; log. D=i;log. A4-Ar.Co.k1g.coa M: 



■G M to lie alErmatiye and less th.in IJ 



ik.MPdbvGooglc 



348 ASTEONOMY. 

Proceed ia a similar manner for tiie time of last contact, using the 
eame log. G-, the value of D" at the time T", (N — P) instead of (N + F), 
and the value of H', found for the time of last contact. 

To find, for a givcm place, the correction ofOie lime of contact, on account 
of para7I/tx. 
6. Find p cos ^j' and p sin f' for the given place, and put I = longitude 
of the place, affirmative if east, but negative if west. Taking the values 
of the quiintities found for the time of ingress, find a, 6, and c, from the 
formulae, 

log. o = log. jOoaV + loE-D + Iog. sin (Z + ni) ; log. b = log. 5 ain ^ ' + log. C; 

Then will c he the correction, in seconds, to he siibtracted from the 
time of ingi-esa for the earth's centre, to obtain the time at the given place. 

In like manner, using the values of the quantities found for the time of 
egress for the earth's centre, find a correction to he added to that time.* 

■* The parallas of Mercury being small, its tuflnenoe on the time of ooataot is 
aJao email. We may, therefore, with but very aliglit error, disregard the varia- 
tions of the ijuautitiee 1 and v, between the times of contact for the earth's centre 
and a plaoe on the surface. 

Taking for p ami q their values at tlie time of contact for the centre, the equa- 
tJona of Boatact for the centre will be, 



AsiuP = 3 S ' ' 






And taking c = the interval hetween the times of . 


sontai 


3t for the centre and a 


iTOn plaoe on the surface, and taking for distinetioi 


, P'i. 


istead of P, tlia equa- 


CDS for a plaoe on tie surface will be. 






AooeF=p-«4-«=8inN 1 




• - ■ (B) 



Multiply the first of equations (A) by oca P, and tJie seoocd by sin P, and add 
the products ; and, after doing the same with the equations (B), subtract the last 
snma from the first. We shall thus obtain, 

A — A cos (P — P') = M COS P + w sin P — nc sin (P + N). 
But it is evident tliat P' mnat be very nearly equal to P. We may, tlierefore, 
regard cos (P — 1") = 1. Hence, 

nc = Bin {P + N) = « cos P + « sin P. 
Or putting {P + N) ^= ij; F, in wliieh the upper sign is for ingiosa, and the 
lower for ogress, we have, 

_ tt cos (H ± F) — « sin (N ± F) 
" — ^ n Bin P 

Substituting in thia ibo expressloos for u and », or for their equivalents, x" 
and y" (App. 75 J), and for n, its equal . , we obtain, after some reductions of 

form, tlie formulie which aro given in the rule for finding the correction on account 
of parallax. 
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7. The distance of the place of contact from the north point of the sna's 
disc, to the east if a^rmative, but to the west if neffative, is, for the in- 
gress, 90° + N + F, and, for the egress, 90° + N — F. 

If the distance from the vertex is desired, find Q from the following for- 
mulae ; in which ? is the geographic latitude of the place, and H the hour 
angle at the place at the time of contact; observing that Q may he taken 
less than 90° and with the same sign aa its tangent, except the value of 
(d — /) is negative, in which case, the arc Q must be more than 90° and 
with a sign contrary to that of the tangent. 

Log. d ^^ log. tang ^ -|- log. cos D ; log. /^^ log. cos H -|- log. sin T)' ; 

log, tang Q = log. sin H + Ar. Co, log. (d—f). 

The value of Q being found for each contact, we have, for the distance 
from the vertex at ingress, V = 90° + N -|- P — Q, and, at egress, 
T ^ 90° + N — F — Q. 

Nble 1. To find the times of internal contact, tate h = the difference 
between the semidiameters of the Sun and Meroury, and, using this value 
of h, compute again (art. 41 the values of F, t, and /!. Then will T' — (" 
•{- t, and T' — (" -|- (', be the times of internal cr ndet f r the earth's 
centre. The corrections on account of padljx ■will be neaily the sum 
for the internal, as for the estemil ejntas,ta 

2. A transit of Venus miy be ccmputed m a similar manner Table 
LXXVII. contains the heliotentiio longitudes an 1 latitude and values of 
tie radius vector at the tinieo ot the neit two transits 



It is required to calculate the transit of Mercury that will occur on the 
8th of May, 1845, and to find the effect of parallax in changing the times 
of ingress and egress for Philadelphia. 

The sun's long, at Greenwich moan noor 

Mercury's heiio. long. 
Sun's hourly motion in long. . 
Moraury's ..... 
App. obliq, of ecliptic , 



47° 


42' 


47" 


227 


43 


7 


227 


5 


7 




2 


25 




7 


19 


23 


27 


29 



4' 54": 28' 0" : : 1 : 7 45. 

Hence the time of eonjuaotion io long, is 7h. 45m. P. M 
Taking, therefore, T lo denote tLe 8th day at 8h., let t = 3h. 
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For the time T — , 


',, we find, 




Sun's longitude .... 
" deolination 


47° 54' 51" 
17 11 ON. 




Mercury's app. geoc. longitude . 
latitude 


48 6 35 
7 lis. 




Earth's or sun's radius vector 


1.01012 




Mercury's " " 


0.45357 




Bor tie time T -|- 


■ h 




Sun's longitude .... 
" deolination 


iB" 9' 20" 
. 17 15 im. 




Mercury's app. gcoc, longitude . 
" " " latitude 


47 57 29 
11 33 S. 




Earth's radius vector . . 1.01018 




Mercury's " " . . . 0.45423 
For the time T, or, without material error, during the transit, we find, 
Sun's semidiameter .... 951.8" 




" hor. parallax 
Mercury's semidiameter 
" hor. pai'allas 
Equation of time 

At time T — ; 


B.5 

5.8 

15.4 

+ 3m. 43sec. 


L 


— L' ^ 704" . log. 2.84757 j. = 


— 431" . log. 2.C3448K 


E 


= 23° 27' 29" Jog. COS. 9.96254 E . 


log. COS. 9.96254 


D' 


= 17 11 Ar. Co. " 0.01983 F 


. Ar. Co. " 0.01983 


a 


= 796.36 . . 2.82994" 6 = - 


- 413.85 . 2.6T085n 


E 
1/ 


. , log. tang 9.63743 E 
= 47° 54' 51" log. cos 9.82623 L' . 


. log. tang 9.63743 
log. cos 9.82623 


c 


= 196.61 . . 2.29360 d = - 


— 120.37 . 2.08051» 




2> = 796.36 ; 5 = — 


217.24 




At time T + (. 




L- 


- L' = - 711" . log. 2.85187« :. ^ 


=—693" . log. 2.84073« 


E 


log. COS 9.96254 E 


. log. COB 9.96254 


D' 


= 17" 15' At. Co. " 0.01999 D' 


. Ar. Co. " 0.01999 


a- 


^ — 682.97 . . 2.83440n b= 


= — 665.67 . 2.82326« 


E 


. log. tang 9.63743 E 
= 48= 9' 20" log. cos 9.82419 L' 


log. tang 9.63743 
. log. cos 9.82419 


c = 


= —197.70 . . 2.2y602«(?^ 


= - 192.70 2.28488™ 
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Honce we Urn, p = — 214.44, and 3 = — 107.69 

At T' = T — / = 5 Lrs. 

2' . . . log. 2.03218« N . . log. sin 9.95116» 

p' . Ar. Co. "JMSIQii d — 2 = 617,18 log. 2.y9042 

N = — . 116° 39' 58" log. cot. 9.70088 A=^957".6 Ar. Co. 7.01882 

J) . . . log. 2. 90111 F=125°10'3"log.coB9.76040« 

<; = 399.94 . . 2.60199 



N+F=8'' 30'5"log. cos 9.99520 JST— F=— 241°50'l"log. t 
A . . log. 2.98118 7i . . . log. 2.98U8 

p' . . Ar. Co. " 7.66870« p' . . Ar. Co, " 7.66870« 

( — _ 4.4165 . OBTsTSb (^^2.1080 . . 0.82386 

p . . log. 2.90111 
p' . . Ar, Co, 7.66870 

f ^~ 3,7137 0,56981 



r — ^' + ( = 4 17 50 == Greenwicli time of first contact 
T' — *"+*'= 10 49 18= " " last " 



2.5563 

« — V = e",9 . . . 0.8388 

N . . . log, sin 9,9512« 

B . . . Ar. Co. " 0.0875 

/ . . " " log, 7.6687ra 

Jog, G 21025 

log. G 2.1025 log. a 3,1025 

N + F = 8° 30' log, COS 9^952 N + F . log, ain 9.1697 

log. A 2.0977 log. B 1.2722 
jy = 17° 11' log. COS. 9.9802 

log. B 1.2722 log. G 1.2524 
jy . . log. sill 9.4705 

A . . Ar. Co. log. 7.9023 log. A 2.0977 

M = 2" 32' log. tang 8.6452 M . Ar. Co. cos 0.0004 

H'= 65 23 log. I) 2.0981 
m = 67~55 
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For Egress 










log. G 2.1025 




log. G 2.1025 


N-F = 


-241' 


= 50' log. cos 9.6740™ 
log. A 1.7765™ 

log. B 2.0478 


N- 


- F log. sin 9.0453 
log. B 2.0478 

^17° 15'Iog.ooB. 9.9800 
log. C 2.0278 


ly 




. log. sin 9.4721 




log. A 1.7765m 


A . 




Ar. Go. log. 8.2235U 


M 


. Ai. Co, cos 0.058U 


M = 151° 


1' 


log. tang 9.7434™ 




log. D 1.8346 


H'=163 


15 








m ^ S14 


16 









For correction of ingress at Phila. 

9.8852 log. p sin q>' . 9.8053 

log. D 2.0981 log. C 1.2524 

- 7° 15' log. sin 9.1011« h = 11.4 sec. 1.0577 

- 12.1 l,0844w 



First contact at Phila. 4 18 13, Greenwich tirae. 



For oorrectioH of 


egress. 


log. p cos ^' . . 9,8852 


log. p sin *' . 9,8053 


log. D 1.8346 


log, C 2.0278 


7+ OT = 239° 6' log, sin 9,9335)t 


6 = 68,1 sec. 1,8331 


a = — 45.1 see. . 1.6533^ 





Last contact at Phila. 10 47 25, GreeEwich time, 

"With the values of H at the times of ingress and egress, which an 

respectiyelj, 11 = — 9° 47', and H = 88° 5', we easily find bj means ol 

the forniula, at the ingress Q = — 18° 28', aud at egress, Q' = 51° 40' 

With these and the values of N and F, the values of V become known. 

Keducing the times found to Philadelphia tame, wc have, 

First contact, at 11 17 33 A. 51. mean time. 

Last " 5 46 45 P. M. " " 

First contact 117°, from vertes, to tlie eaist. 

Last " 156 J " " " west 
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PART II. 353 

Scholium. The corrections of the times of contact on aoeoimt of paral- 
lax, obtained as above, may be regarded as very nearly true. But the 
times of contact obtaJEed for the earth's centre, and consequently those for 
a given place, cannot be depended on as equally correct ; as an error of 
three or four seconds in the longitude of the sun or Mercury, may pro- 
duce an error of a minute in time. 

PEOBIEM XXVI. 

To correct iJie ohserved altitude of a heavmdy Isody on account of 

Refraction. 

"With the given altitude, taie the corresponding mean refraction* from 
table Vn., and subtract it from the altitude. The remainder will bo the 
corrected altitude, very nearly. 

If greater accuracy is desired and the states of the barometer and Fahren- 
heit's thermometer have been observed, tate from the table, the numbers cor- 
responding to the given altitude, that are in the two columns following that 
of the mean refraction. Multiply the first of these by the number of inches 
in the height of the barometer, less 30, and the second by 50, lem the niun- 
ber of degrees in the height of the thermometer. The products will be 
the con-ections of the refraction in seconds, depending on the states of tho 
barometer and thermometer respectively. Add these, attending to their 
signs, to the mean refraction, and the result will be the true refraction ; 
which being subtracted from the observed altitude, gives the correct altitude. 

EXAMPLES. 
1. The observed altitude of a body being 35° 25' 35", what is its alti- 
tude, corrected for mean refraction ? 

Observed altitude . . .35° 25' 35" 

Mean refraction from table . . 1 21.7 



Corrected altitude . . 35 24 13.3 

2. The observed altitude of a stai-, when tlie barometer stood at 30.5 
inches, and the thermometer, at 62°, was 15" 6' 30". Eequired the cor- 
rected altitude. 

M. Eefrac. 3' 32.8" Bar. 

Cor. for bar. + 3.6 
" " ther.— 5.1 

True refrac. 3 31.3 



■. 7".I6; 


Thor. 0".422 


+ 6- 


— 12 


+ 3.675 


- 6.064 
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354 ASTRONOMY. 

Observed altitude . . 15" 6' 30" 

Infraction ... 3 31.3 

Corrected altitude . . 15 2 58.7 

PROBLEM SXVII. 

From, the observed aMtade of a star, or ike under or ujiper limb of tJte sun, 
to obtain the true altitude. 

For a star. The observed altitude, corrected for refraction hy the last 
probleoij gives tte true altitude of the star. 

For ike sun. Correct the observed altitude for refraction, bj the last 
problem. Find the sun's semidiameter bj Prob. VI., or taie it from the 
Nautical Almanae or other ephemeria in which it is given. Then, if the 
lower limb was observed, add the semidiameter to the corrected altitude; 
but if the observatioa was on the npper limb, subtract the semidiameter ; 
and the result will be the altitude of the centre, corrected for refraction. 
To this, add the parallax in altitude, taken from tabic VIII., and the sum 
will be fie true altitude. 

EXAMPLES. 

1. Suppose the observed altitude of the sun's lotoer limb at a certain 
time was 18° 48' ,5"; the barometer standing at 29.7 inches, the thermo- 
meter at 70°, and the sun's semidiameter being 15' 47".4. Eequired the 
true altitude. 

Observed altitude of lower limb , . 18° 48' 5" 

Refraction, found by last prob. . 2 41.1 



Sun's semidiameter, add 


18 


45 23.9 
15 47.4 


gun's parallax in alt. from tab. VIII. 


19 


1 n.o 

8.1 


True alfitude .... 


. 19 


1 10.4 



2. The observed altitude of the sun's upper limb being 21° 7' 12", the 
barometer 30. it inches, the thermometer 40°, and the sun's semidiameter 
16' 17" .2; required the true altitude. 

Ans. 20° 48' 28,9". 
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PROBLEM XXYIII. 

To find the apparent right ascension and dedination of any of Ote stars in 

the small catalogue, tab. IX., for a given day. 

1. To fw-d the Variations in mean righi ascension and dedinaiion. 

Reduce the months and days of the ^ven time to the decimal of a year, 
by means of the small table at the foot of the second page of table IX., and 
annexing it to- the years, find the interval between this time and the date 
of the table, marking the interval negative wten the given time i% prior to 
that date. Take from the table the annual variations of the given star, 
and multiplying each by the interval, the prodncts will be the variations 
of the mean right ascension and declination, respectively. 

2, To find ilie Aberrations. 

Find L', tlie sun's longitudp, for tho given day, by Prob. VI., or take it 
from an ephemeris, and take from tab. IX., the values of 4., log. m, 9, and 
log. n, for the given star. Then 

log. (abe.r. in right ascen ) = log. m + log. sin (L' + f), 
log. {aber. in ded.) = log. n -f- log, sin (L' + 0). 

3. To find the Nutations. 

Find N, the mean longitude of the moon's ascending node, for the ^ven 
day, by faking tlie supplement of the node, obtMned as in Prob. X., from 
12' 0° 7', or take it from an ephemeris. Take from tab. IX., the values 
of f', log. m', 0', and log. n', for the given stai. Then 

log. (nut. in right ascen.) = log. W + log. sin (N + ^'), 
log. (riut. in decl.} = log. n' -|- log- sin (N 4- &')■ 

4. Attending to the signs, add to the mean rightaseension of the star, 
given in the table, tbo variation, aberration and nutation in right ascension, 
and the snm will be the apparent right ascension. In like manner, find 
the apparent declination, observing that the declination is regarded as 
negative when it is south, and positive when it is iwrth. 



1. Keqnired the apparent right ascension and declination of » Bootis, 
(Arcium.s,') the Ist of May, 1837; the sun's longitude, at that time, being 
40° 52', and the mean longitude of the node 31° 14'. 



,v Google 



ftiven time 
Interval 
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1837, May lat = 



1837.S29 
1850. 



An. Var. ia E. Ase, 
Multiply liy, 
Var. ia M. K. Aao. 



+ 2.733 An. Var. in Decl, — 18.95" 
— 12.67 Multiply by, — 12.67 

— S4.63 Vax. ia M. Decl. -\- 240.1 



log. m0.1S35 log. « 1.0968 

U+^=96''31' log, ala 9.9972 L' + e=3ii9=4' log. si n 9. 5530 w 
Aber. E. Asc. ^ + l.SSsec. 0.1307 Aber. iaDeel. = — 4".5 0.6498w 



N + ?>' ^ 200= 7' log. sin 9.5365 «. 


N + e'= 851= 8' log. sin 9.1879 ji 


J^ut. in R-Asc. = — 0.34sec 9.5297«. 


Nut. ia Decl. = — 1.2" 0.0689 « 


h. m. see. 




Mean R. Ase. 1840, 14 8 49.22 


Mean Dec!. 1840, 19= 57' 56.1" 


Var. . . . — 34,63 


Var. . . -f 4 0.1 


Aber. . . . + 1.35 


Aber. . . — 4.5 


Nut. . . . _ 0.34 


Nut. . . - 1.2 


App. E. Ascon. 14 8 15.60 


App. Declin. 20 1 50.5 



2. Kequired the apparent right ascension and declination of a Leonis, 
(Reffulus), the 19th of August, 1842; the sua'a longitude being 146° 2', 
and the mean longitude of the moon's ascending node 288° 43'. 

h. m. Bee. 

Ans. App. E. Aso. 9 59 59.02 
App. Declin. 12° 44' 2.3". 

3. Eequired the apparent right ascension and declination of (3 Librae, 
the 12th of October, 1853. 

Am. App. E. Asc. 15 9 6.29 
App. Declin. — 8" 50* 15.9." 
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PROBLEM XXIX. 

To find the Latitude of a place, having given ^ corrected altitude* of a 
star, its apparent riffhl ascension and declifmfion, and the mean time 
of ohsei'vatioK. 

Find the sidereal time corresponding to the given mean time, by Prob. 
Til., or obtain it from an ephemeria. Take the difference between this 
time and the star's apparent right asceueion ; and if the difference exceeds 
12 hours, subtract it from 24 hours. The result, converted into arc, irill 
be the distance of the star from the meridian. Call this distance H, the 
star's apparent deelination, regarded affirmative whether north or south, D, 
and the corrected altitude A. Then, find two area B and C, neither of 
them esceeding 90°, from the formulas. 

log tang B = lo" out D + log oo" H or log siE (H— 90°) wten H exoecds GO", 
log n C = A Co 1 g □ D + 6 a 1 + log cos L 

"W hen H tl e ta J stinee f m the n 1 an exceeds 90°, the sum 
ofBanlC a the Jat t le of the piac When tho sta declination is 
of tl e «t e nan e w th the I 1 1 le f tl e jlaeo an ! l^ than it, and its 
po t n it the tin o of oh e at on s on (he ppo te do of the prime 
vert al fro n the elevated p le the upplement f the su n of B and 0, is 
the la t de In all other ca es the Jit tudo s equal t the difference 
betw en B and C 

Note. The observation should not be made so near the prime vertical 
as to make the side on which tho star is situated, doubtful. It is always 
best, when convenient, to make it near the meridian ; as then, a small 
error in the clock or in the longitude of the place, required in finding the 
sidereal time, produces but very slight influence on the computed latitude. 

Several observations of the altitude and corresponding time should be 
taken, and the latitude be deduced from each. The mean of these, that is, 
their sum divided by their number, may be regarded as more accurate than 
the latitude obtjuned from a single observation. Tho probable aceuraoy of 
the determination will be still further increased, if, near the same time, 
the latitude be deduced in like manner from observations on a starj" on the 
opposite side of the zenith, and the half sum of the two latitudes thus ob- 
tiwned, be taken for the latitude, (See Art. 183, \st method.') 

* The altitade may be taken with a aeitunt and artificial horizon. For tha 
method of adjusting the instrument and mating tha obBcrvatJon, the student ia 
referred to Simms' small work on instruments, mentioned ia a note on page 2G. 

-{- A etar whose altitude is withiu a few degrees of the former, is to be preferred. 
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EXAMPLES. 



1. Given tlie corrected altitude of « Ursae Minoris 41" 33' 21.4", ob- 
UiHcd from an observation at a place, long. 5h. Im. 15aec. W. and lat. 
about 40° N,, on the 25th of November, 1839, at 8Ii. 34m. ITsec. P. M., 
mean time, to find the latitude ; the apparent right ascension of the star 
being Ih. 2m. 22.63aec., and declination 88= 27' 39.S" N. 

The sidereal time corresponding to the given mean time is found to be 
Oh. 51m. 29.96see. 

M m. wc. 

Star's app. right ascen. . . 12 22.63 

Siderealtimo ^_^J'U^J^ 

Difference 10 52.67 

H, the star's dist. from merid. . 2° 43' 10" 

D=8S°27'39.3"log.cot8.4292440 D Ar. Co. log. sin 0.0001567 

H=2 43 10 log, cos 9.9995106 A^41''33'21.4"log.siik9.8217434 

B= 1 32 14.5 8.42S7546 B= 1 32 14.5 log.cos 9.9998436 

0= 41 33 21.5 log sin 9.8217437 

Lat. ^40 1 7.0 

2. Given for the same place and same night as in the last example, the 
corrected altitude of 3 Orionis, 41° 29' 36".l, at 12h. 35m. 19sec. P. M., 
mean time, to find the latitude; the apparent right ascension of the star 
being 5h. 6m. 52.40sec., and declination 8° 23' 17".l S. 

A.m. 40" 0' 54".9. 

PROBLEM XXX. 

To find the Latitude of a place, having given a series of dreum-tneridiaa 
aliilvdes of a star in the region of the equator, with the times of observa- 
Uon, and the apparent right ascendmi and declination of the star. 

Iiet A ^ the meridian altitude of the star, 

A' = an observed altitude, corrected for refraction, 
H ^= the hour angle, which should not exceed i°, 
J) := the star's declinatiun, negative when it is south, 
I :^ tho assumed latitude of the place. 
Then, putting a; ;= A — A', the value of x may bo computed by the 
following formula; : 
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= Bm — B'.it , in which 

cos I OQSD 



The values of m aad n are given in tahle LXXXL, for values of H to 
17 minuteB of time. 

Find the mean time of the star's meridian passage hy Prohlem IX. 
The differences between this time and tlie times of observation will he tho 
hour angles expressed in mean time. These, increased at the rato of one- 
sixth of a second for each minute, wiU be tho required houranglea. Take 
from table LW\I the vilues of m and n foi each hour angle. 

Tako the mtan of the ob erved altitude'! and conect it for refraction. 
Also, take the means of the i dues ot i and of i and, using these 
means for 4 m inJ j comjuto i by the above foimula Add a, to tho 
mean value of A and tho um will bo A the meiidian altitude of the 
star resulting from the observations. 

To or from the complement of A, add or subtract D, according as the 
place is in north or south latitude, and the result will be the latitude 
required. 

M>te. If the chronometer used is too fast or too slow, its error should 
be added to, or subtracted from the mean time of the star's transit, and 
the resalt, which will be the chronometer time of transit, should be used 
instead of the mean time. 

Exam. 1. On the 18th of October, 1841, a series of observations wore 
made for the determination of the latitude of a place, whose longitude is 
4h. 31m. Ysec. west of G-reenwich, and assumed latitude 46° 53' north. 
The star observed waa a Ceti, its right ascension was 2h. 54m. 2.38sgc. 
and its declination -|- 3" 28' 8" .2. The altitudes and times of observation 
are contained in the Srst and second columns of the following table. Tho 
chronometer used waa 4m. SSsec. slow of mean time. The indications 
of the barometer and thermometer were 28.7 inches and 26". 4 respeo- 
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Observ 


mi 


Chrun. Times 




Hour 






Altituii 


es. 


-t 




A 


.glea. 






a 




h. m. aec 


m. SCO. 


m. 


aeo. 






46 33 


flS 


12 51 12.0 


8 11.7 


H 


i:-i.o 


132.55 


0.04 


34 


85 


54 24.0 


4 59.7 


5 


0.5 


49.25 


0.01 


35 


'^5 


55 20.4 


4 3.3 


4 


4.(1 


32.47 


0.00 


35 


9.^ 


57 24.2 


1 59.5 


1 


M.H 


7.82 


0.00 


35 


35 


59 20.7 


3.0 





3.0 


0.00 


0.00 








2 3.8 


9 


H<i 


8.33 


0.00 


35 


ft 


3 15.4 


3 51.7 


3 


52.4 


29.46 


0.00 


34 


4ft 


4 30.4 


5 6.7 


5 


7.5 


61.57 


0.01 


34 


15 


5 45.0 


6 21.3 


6 


^2,3 


79.71 


0.02 


33 


50 


6 45.6 


7 21.9 


7 


23.1 


107.08 


0.03 

o.ir 


347 


30 




498.24 


46 34 


45 


49.82 


0.01 



To find the mean time of transit of « Ceti, we have, 

Sid. time at mean noon, G-reenwich 

Sid. accelerfttion in 4i. 31m. 7sec. . . . . 

Sid. time at m. n. at place of observation 

Eight asc. of a Ceti + 24 hrs 



a Solar Bqidv. (table XI.) for 13h. 



Mean time of transit of a Ceti 
Chronometer slow, subtract 

Chronometer time of transit 



13 


47 


12.S5 
44.54 


13 


47 


56.89 


26 


54 


2.38 


13 


6 


5.49 


12 


57 


52.22 




5 


59.02 
4.99 
0.49 


13 


3 


56.72 




4 


33. 


12 


59 


23.7 



Take the differences between T and the several values of i and insert 
them in the third column of the ab6ve table. Those differences are then 
reduced to sidereal intervals bj table X., or bj increasing them in the 
ratio of one-sixth of a second for each minute. Having tlius obtained 
the hour angles, take from table LXXXI., the corresponding values of ire 
and n. 
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46 U 45.00 
55.73 


A' 


= 46 33 49.27 
= 49.43 


A 


= 46 34 38.7 


— A 


= 43 25 21.3 

= + 3 28 8.2 



Mean Obs. Alt. . . 46 34 45.00 log. cos. ?= 9.8347 

llefraction . . . 55.73 " « D = 9.9992 

« " A' = .0.1627 

log X = 1.6940 



Resulting latitude 

Hole. It will be seen by tbia example, that when tlie hour angle does 
not Ciceed 8 or 10 minutea, it is not necessary to compute the value of B'.n.. 

Exam. 2. It is required to find the latitude of the High Scbool Obser- 
vatory, Philadelphia, from the following data. The mean of eight observed 
altitudes of a Virglnis, taken April 26th, 1839, was 39° 43' 52".6, and 
the times of observation were, lOh. 58m. 3seo., lib. Om. 16'.5, lib. 3m. 
44Hec, lib. 6m. Tsec, lib. 8m. 12».5, llh. 9m. 12'.5, llh. lOm. 30sec., 
and lib. 12m. 58seo. Barom., 30.0 inches; and ttonn., 60='.4. The 
right ascension of a Virginis was 13b. 16m. 45'.38; and its decliuation, 
10° 19' 22".4'. The Greenwich sidereal time at mean noon was 2h. 15ra. 
12'47. The chronometer used was 7m, 23'.2 fast of mean time. Anx. 
39° 57' 8".7. 

PROBLEM XXXI, 

Given die true altitude of the aii»i, obtained from observation at a given 
place, and (?te time of dbiervation as indicated hy a dock^ to find the time, 
and tile eiTor of the clocle. 

Find the sun's declination for the given time, and subtracting from 90 
when it is of the same name with the latitude of the place, but adding 
when of a contrary name, we have his polar distance. Call the polar dis- 
tance D, the altitude A, the latitude of the place L, aad the hour angle or 
distance of the sun from the meridian H. Add the values of A, D, and L 
together, and call the sum S, 

Add together Ar, Co, log sin D, Ar. Co. log cos L, log oos J S, and sin 
log (JS — A) without rejecting any 10 from the indes, and tahing half 
the sum, it will be log -m JH When the observation is made in the 
afteraoon, the horn angle H, converted into time, is the apparent time; 
but when it 13 mide in the forenoon, the difference between this interval 
and 12 hours, is the appaient time. To the apparent time, apply the 
equation of lime, nnd we o\ tj u the mean time. The difference between 
this and the time shown by the cloct, is the error of the clock. 
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862 ASTKONOilY. 

Note 1. The observations for fiading the time should be made when the 
sua is several hours from the meridian ; the nearer the prime vertical, the 
better, provided the altitude is not less than 12 or 15". 

Thtmi fthlkybbtd lyml 

m frah tdlttdft H fdfht 

pp t ht ce i d 1 t i mp t d h h tu 1 H 

g h pol disi d Itt d 11 tt th gbt 

wh th 1 t m d t th w t f th d b I bt t t 

f m th It wh th 1 t m d t th t Th 

It w 11 h th 1 1 f h b3e -v t F th b 

Ihdltfdt ftig lyd t 

th 1 t m t m I y m f tab \T t w 11 b th m 

t m f th > t 

Example 1. Given the corrected altitude of the buuj 31° 16' 33,4", 
at a place, long. 5h. Im. ISsec. W., lat. 40° 1' 12" N., on the 25th of 
June, 1842, at 7h. 28m. 50aeo. A. M., mean time by the clock, to find the 
time, and the error of the clock. The sun's declination found for the time 
shown by the clock, is 23° 24' 55".0 N. j which subtracted from 90°, gives 
D ^ 66° 35' 5". 

A = 31= 16' 33.4" 

D = 66 35 5.0 Ar, Co. log. sin 0.0373236 

L= 41 1 12. " " log. cos 0.1223520 



= 138 52 50.4 



8 = 69 26 25.2 log. cos 9.5455330 

i S — A = 38 9 51.8 log. si n 9.7909321 

2)19.4961407 

I II = 3 4 2 43.1 log. sin 9.7480703 

H= 68 5 26.2 



4 32 21.73 

1 2 Q 

App. time 7 27 38.27 A. M. 

Equatoftime + 2 8,94 found from Naut. Aim 

Timeofoba. 7 29 4T.2 A.M. 

Time by clock 7 28 50. 

Error 57.2 ; clock too slow. 
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ExAMPH! 2. At a placo in long. 51i. Om. 42see. W., and lat. 39° 57' 
8" N. On the 7th of September, 1838, the following observationa wei-a 
made : — Time by a mean solar clocli, llh. 20m. 26'.2 ; altitude of a 
Arietis (east of the meridian), 39° 48' 38" ; barom., 30.2 inches ; therm., 
75°, Fi'om the Nautical Almanac, the right ascension and declination of 
a Arietis were, Ih. 58m. 6' .2 and -|- 22° 41' 55". 3 ; and the sidereal time 
at G-reenwieh mean noon wa^, llJi- 4ia. 28*. 07. Eequived the error of 
the clock. Ans. 14m. 43,lseo. too/ast. 

Example 3. The date, place, and instrnmenta being the same as in the 
last example, the observed altitude of a Lyra) (west of the meridian) was, 
38° 44' 49" and clock time ]2h. 10m. 45'.2. The right ascension and 
declination of a Lyrse were, 18h. 31m. 29',06 and + 38° 38' 20".5. 
Bequired the error of the clock. Ans. 14m. 39.9sec, too fast. 

Note. The mean of the results obtained by east and by west observa- 
tions, (like those of the last two esamples,) will be nearly independent 
of any eiTor in the instrument used in measuring the altitudes; for, the 
hour angles will be both too great or both too small, and since, in one case 
the hour angle is subtracted and in the other added, to obtain the sidereal 
time, it follows that one of the resulting times will be too great and the 
other too small. 
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TABLE I. 


ZiogarUh 


ms to four 


decimal figur 


es. 






NO. Log. 


D 


t 


Nn 


LOf. 


D. 


1 


100 




43 
43 
42 
42 
42 
41 
41 
40 
40 
40 








IbO 


.2041 


27 
27 


f 1 


101 


.0048 








161 


.2008 






102 


.0086 


48 






lh2 


.2096 






103 


.0128 










163 




26 
27 
36 
26 






104 


.0170 










164 


,2148 




5 26 


106 
106 
107 


.0212 
.0253 
.0294 


I 


T ■ 

6 2 

so s 


2 
8 41 


165 
166 
167 


.2175 
.2201 
.2227 




ill 


108 
109 


.0SS4 
0874 


1 


34 4 
9 6 


iV 


1 


108 
169 


.2253 
.2379 


26 


?i 


110 


.0414 


« i 


■B * 


I 


170 


.2304 


20 


25 lia 


111 


.0458 


39 




t I 




171 


.2330 


26 
25 


112 


.0492 






^ I 




172 


.2B55 


ii 


lis 


.0531 






I ' 


i s 




173 


.2080 




114 


.0569 










174 


.240D 


26 
25 


6|l2 


116 


.0607 


88 




=a i 


6 8 


8 


175 


.2430 


e|i5 


116 


.0645 


37 
37 


I 


f 6 




i 


176 


.2455 


25 


117 


.0682 


- i 


!3 2 




177 


2480 


eb 


118 


.0719 


37 I 


» ^ 




178 


.2504 


25 




119 


.0755 


37 




9 


3S 6 




179 


.2529 




120 


.0792 




1 


6 
6 7 


!7 


isn 


.2553 


24 


r 


. 


121 


.0828 
.0864 


3G 
85 
35 
35 
35 






t 9 




181 
182 


.2577 
.2fi01 


24 
34 
28 
24 


j 


i 


123 
124 


.0899 
.0934 




as ; 


18 


5 


188 
184 


.2625 
.2648 




II 


125 


.0969 


si '. 


S 1 


T 


185 


.2672 


28 \ 


i2 


126 


.1004 


84 






29 I 




186 


.2695 


28 
24 
23 






127 


.1038 










187 


.2718 






12B 


.1072 


84 
38 












.2742 






129 


.1106 






8 1 




1R9 


.2765 






130 


.1139 










190 


.2788 








181 


.1173 


83 






1^ 




101 


.2810 


23 
23 






132 


.1206 






2 


192 


.2833 






133 


.1289 


82 
32 
32 








198 


.2856 


c. \ 


184 


.1271 








194 


.2878 




22 1 


185 


.1803 




M ] 


13 


195 


.2900 


■•3 






186 


.1385 










196 


.2028 




: 




137 


.1367 


82 


31 




23 


197 


.2945 








188 


.1399 








26 


198 


.2967 


22 






139 


.1430 










199 


.3989 






140 


.1461 


31 




12 






200 


.3010 


^o 




'n 


111 


.1492 












201 


,3032 






142 


.1623 


30 











202 


.8064 






143 


.1653 




•26 






208 








144 


.1584 


81 
30 




25 


8 




204 


!80D6 


21 




145 


.lfil4 




12 




205 


.8118 


21 


21 


146 


.1614 


29 
30 

29 
29 








200 


.3139 








147 


.1673 




21 


9 


207 


.8160 


21 
20 
21 
21 
20 
21 
20 
20 






148 


.1708 








208 


.3181 






149 


.1732 








209 


.8201 






ISO 


.1761 








210 


.3222 




16 


161 


.17S0 




■ 


4 


211 


.8348 




152 
158 


.1818 
.1847 


f 


28 


27 . 


i 


212 
213 


.8368 
.3284 


19 '■■ 


2 


154 


.1876 










214 


.3804 




166 


.1903 


98 




11 






215 


.3324 




4 ■ 


8 


156 


.1981 


28 
27 
27 










216 


.3346 


20 
20 
19 








167 


.1959 










217 


.8365 








158 
159 


.1987 
.2014 




24 


J* 




218 
219 


.3886 
.3404 




a ■ 


il 


160 


.2041 




i 




220 


.3424 


1 


S 1 
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TABLE 1. Logarithm to/on 



No 


Log. 


D. 




No 


l-og P. 




N->. 


Los. 


D. 




'220 


.8424 


20 
20 


2U 


280 


.4472 .- 
.4487 1 
.4502 ;° 


16 


340 


.5316 


18 
12 
13 
13 
12 




221 


.3444 




:iMi 




341 


.5328 




22a 


.8464 




282 




342 


.5340 






.3483 






283 


.4518 


15 
15 
16 
15 
15 
15 
15 




348 


.6863 




224 


.8502 






284 


.4533 




344 


5466 






.3622 






285 


.4548 




845 


.6378 




226 


.8541 


19 


il8 


286 


.4664 


(13 


346 


.5391 


13 
12 
13 




227 


.8560 






287 


.4579 




347 


.6403 




228 


.3579 




19 




.4694 




348 


.5416 




229 


.3698 








.4609 




349 


,5428 


13 


13 


2S0 


.8617 






290 


.4024 




850 


.5441 






231 




19 


I s 


291 


.4639 


15 
15 
15 


15 


351 


.6458 


!2 


3 


I 


232 


!3655 






292 


.4654 


ii; 


352 


.5466 




4 






.3674 








.4669 


2 s 




.5478 








284 


.3692 






294 


.4683 


15 




354 


.5490 








235 


.8711 






295 


.41j9M 




355 


.6602 








286 


.3729 


18 




296 


.4713 


15 
15 
14 
15 
14 
15 


8 9 


856 


.6514 


12 

13 


9 


12 


237 


.3747 






297 


.4728 




357 


.5527 




238 


.3766 




18 




.4742 


91i 


358 








239 


.8784 


18 


299 


.4767 




859 


.6551 


12 




240 


.3802 




It 


300 


.4771 




860 


.5568 




241 


.8820 


18 




301 


.4786 




361 


.5575 


12 




242 








302 


.4800 


14 
16 
14 




362 


,5587 




243 




18 






.4814 




863 


.5599 


12 




244 


!3874 






304 


.4829 




364 


.5611 




245 






o|" 


305 


.4843 






.5023 






246 


.3909 


17 




306 


.4857 


14 
14 
16 
14 
14 




366 


.6635 


12 


13 


247 


.3927 






307 


.4871 




867 


,5647 


11 
12 


i 




248 


.3945 








.4686 




868 


.5656 




249 








309 


.4900 


14 


369 


.6670 






250 


!397fl 






310 


.4914 




870 


.5682 








251 


.8997 


18 


17 


311 


.4028 


14 
14 
13 
14 
14 


S 4 


371 


.6694 


12 
11 
12 


■ 




252 
258 


.4014 
.4031 


17 


ii 


312 
318 


.4942 
.4955 


4 E 


872 


.5705 
.6717 


Hii 


264 


.4048 




lU 


814 


.4969 




874 


.5729 


11 




255 


.4065 






815 


.4983 




375 


.5740 




256 


.4082 


17 


!12 


31G 


4997 


14 
14 
13 
14 


eia 


876 


,5752 


12 




257 


.4099 






817 


.5UU 






5763 






258 


.4116 






318 


.5024 




378 


.6775 


11 




259 


.4188 






819 


.5038 




379 


.6786 




260 


.4150 






3:;0 


.6052 








.5798 






261 


.4166 


16 




321 


.5068 


13 
14 
13 
18 




381 


.5909 


12 
11 
11 




262 


.4183 






322 


.6079 




882 


.5821 




268 


.4200 






823 


.5092 




383 


.6832 




264 


.4216 






324 


.6105 




884 


.5843 




265 


.4282 


16 


16 


325 


.5119 






885 


.5856 






266 


.4249 


17 


1 2 


326 


.5132 


13 
18 
14 
13 
18 


13 


38f. 


.6866 


11 

11 


11 


267 


4265 






327 


.6145 




387 


.5877 








.4281 






828 


5159 




388 


C8Ba 






269 


.4298 








.5172 






.5899 


12 
11 
11 
11 
11 
11 






270 


.4314 






330 


.5185 




390 


.5911 






271 


.4330 


16 


S13 


381 


.6198 


13 
13 
13 

13 
13 


7 B 


391 


.5923 






272 


.4346 






832 


.5211 




892 


.5983 






273 


.4362 




15 


333 


.5224 






.5944 




274 


.4378 


16 
15 


334 


.6237 




394 


.5955 




276 


.4893 




336 


.5260 




395 


.6966 




276 


.4409 


16 


3 4 


836 


.5263 


18 
13 
13 
13 
IB 




396 


.5977 


11 
11 




277 


.4425 




6 T 


387 


.6278 




817 


.6988 




278 


.4440 






338 








.5991 






279 


.445G 








.5302 




399 


.6010 


11 






.4472 





6 13 


340 


.5315 




400 


.6021 
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TABLE I. Ijogariihmi to four decimal figures. 



No. 


Log. 


D. 


No. 


^s- 


D. 


"no. 


Log. 


D. 


Mo. 


Lob. 


H. 


Ho. 


Loe- 


B.i 


-400 


.6021 



1 

1 


460 






520 


.7160 






7684 




640 


8063 




401 


.6031 


461 






521 


.7168 




7642 




641 


8069 




402 


.6042 


462 


!6646 


10 


522 


.7177 




682 


7649 




642 


8075 




408 


.6053 


463 


.6656 


628 


.7185 






7657 




643 


.8082 




404 


.6064 


1 


464 


■6666 


10 


624 


.7193 




584 


7664 




644 


8089 




405 


.6076 


465 


.6675 


526 


7202 




686 


7672 


645 


8096 




406 


.6086 



1 


466 


.6684 


9 


52b 


-210 


i 


586 


7679 




640 


.8102 


J 


407 


.6096 


467 


.6693 




527 


7218 


i 


687 


7686 




647 


.8109 




408 


.6107 




11 

10 

n 
1 


468 


.6702 


10 


528 


7226 


688 


7694 


648 


.8116 


5 


409 


.6117 


469 


.6712 


529 


7235 


i 


589 


7701 




649 


.8122 


410 


.6128 


470 


.6721 


580 


7248 


590 


7709 




650 


.8129 




411 


.6138 


471 


.6780 


9 
10 


531 


7251 


8 


691 


7716 




651 


.8136 


7 
6 


412 


.6149 


472 


,6739 


632 


7269 


8 


692 


7723 




652 


.8142 


413 


.6160 


473 


.6749 


633 


7267 


693 


7781 




658 


.8149 




414 


.6170 


10 
11 
10 
11 
10 
10 
11 
10 
10 
11 

10 

10 
10 
10 
11 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 


474 


.6768 




534 


7275 




594 


7788 




654 


.8156 




416 


.6180 


.476 


.6767 






7284 


8 
8 


695 


7746 




656 


.8162 




416 


.6191 


476 


.6776 


9 
9 
9 


636 


7292 


596 


7752 




656 


.8169 




417 


.6201 


477 


.6785 


637 


7800 


597 


7760 




667 


,8176 




418 


.6212 


478 


.6794 


688 


7=08 




698 


7767 




658 


.8182 




419 


.6222 


479 


.6808 




539 


7316 






7774 




659 


.8189 




420 


.6232 


480 


.6813 


^ 


640 


7324 


° 


600 


7782 


660 


.8195 


7 


421 


.6243 


481 




9 


541 


7832 


8 
8 

8 


601 


7789 




661 




4^2 


.6253 


482 


!6880 




642 


7340 


602 


7796 






!8209 


6 


428 


.6268 


483 


.683! 




543 


7'!48 


603 


7803 






.8216 


424 


.6274 


484 






544 


7366 


S04 


7810 




664 


,8222 




425 




486 


!6857 




645 


7364 




606 


7818 


666 


.8228 


7 


426 


.6294 


486 


6866 


9 


546 


7872 


8 


606 


7825 




666 


,8236 


42; 


.6304 


487 


6875 




647 


7180 


I 


607 


7832 




667 


.3241 






.6814 


488 


.6884 




648 


7888 


008 


7839 




668 


.8248 




421 


.6326 


489 


.6893 




549 


7896 




609 


7846 


669 


.8254 




480 


.6835 


480 


,6902 


^ 


650 


7404 


^ 


610 


7858 




670 


.8201 


' 


431 


.6345 


491 


.6911 


9 
9 


651 


7412 




611 


7860 




671 


.8267 




482 


.6855 


492 


.692f 


552 


7419 




612 


7868 




672 


.8274 




433 


.6365 


498 






553 


7427 




613 


7876 




673 


.8280 




434 


.6875 


494 


!6937 


9 


654 


.7435 




614 


.7882 




674 


8387 




436 


.6385 


496 


.6946 


555 


.7443 




615 


.7889 




675 






436 




496 


.6956 


9 
9 


556 


.7451 


8 


616 


.7806 




676 


8299 




437 


!6405 


497 


.6964 


557 


.7459 


617 


.7903 




677 


8306 


6 


488 


.6415 


498 


.6972 




668 


.7466 


8 

9 


618 


.7910 




678 


8312 


439 


.6425 


499 


.6981 




559 


.7474 


619 


.7917 
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1.2348 


40 


21 


8 


6128 


9 


9990 


8 


6132 




a7667 




9908 


8 


7674 


1,2826 


39 


22 


8 


6169 


9 


9996 


8 


6168 


1^8887 


a7688 


9 


9992 


8 


7696 


1.2304 


38 




8 


6189 


9 


9996 


8 


6193 


1.3807 


8.77JD 


9 


9992 


8 


7717 


1.2283 


37 


24 


8 


6220 


9 


9996 


8 




1.8777 


8.778 


9 


9992 


8 


7739 


1.2261 


36 


25 


8 


6250 


9 


999fi 


8 


6264 


1.3746 


8.775.1 


9 


9992 


8 


7760 


1.2240 


35 


26 


8 


6279 


9 


999« 


8 


6288 


1.8717 


8.777 


9 


9992 


8 


7781 


1.2219 


84 


27 


8 


6309 


9 


999 


8 


6313 


1.3687 


8.779 


9 


9992 


8 


780S 


1.2198 




28 




6889 


9 


999 


8 


6848 


1,8667 


8.781 


9 


9992 


8 




1,2177 


82 


29 


8 


6368 


9 


999 


8 


6872 


1.3628 


8.788 


9 


999. 


8 


7844 


1.2166 


SI 


80 


8 


68S7 


9 


999 


8 


6401 


1.8690 


8.785 


9 


9992 


8 


7866 


1.2136 


80 


31 


8 


6426 


9 


999 


8 


6430 


1.3570 


8.787 


! 


999 


8 


7886 


1.2!14 


29 


S2 




6454 


9 


999 


8 


6459 


1.3541 


8.789 




999 


8 


7906 


1.2094 


28 


33 




6488 


9 


999 


8 


6187 


1,3513 


8.791 


! 


999 


8 


7927 


1.2078 


27 


84 


8 


6611 


9 


999 


8 


6615 


1.3486 


8.793 


9 


999 


8 


7947 


1.2058 


26 


86 


8 


6689 




999 


8 


6544 


1.3456 


8.795 





999 


8 


7067 


1.2038 


26 




8 


6567 




990 


8 


6671 




8.797 


9 


999 


8 


7988 


1,2012 


24 


37 


8 


6605 




909 


8 


6599 


l!s401 


8.799 


9 


999 


( 


8008 


1.1992 


23 




8 




•■ 


999 


8 


6627 




8.801 


9 


999 




8028 


1.1972 




89 


8 


6650 




909 




6664 


l!8846 


8.808 


9 


999 




8048 


1.1952 


21 


40 


8 


3677 




999 




6682 


1.3318 


8.805 


9 


909 


8 


8067 


1.1933 


20 


41 


8 


6704 




099 


S 


6709 


1.8291 


8.807 


9 


999 


8 


8087 


1.1913 


19 


42 




6781 




999 


8 


6736 


1.3264 


8.809 


9 


999 


8 


8107 




18 


48 




6758 




099 


8 


6762 


1.S288 


8.811 


9 


999 


8 


8126 


i;i874 


17 


44 




6781 




999 


E 


6789 


1.3211 


8.818 


9 


999 


8 


8146 


1.1854 


16 


45 


8 


6810 




999 


8 


6816 




8.815 


9 


999 


8 


8165 


1.1835 


15 


46 


8 


6837 




999 


8 


.6842 


1.8158 


8.817 


9 


999 




8185 


1,1815 


14 


47 


8 






999 


8 


.6868 


1.3132 


8.81* 


! 


999 


1 


8204 


1.1796 


13 


48 


8 






999 


8 


.6894 


1.8106 


8.821 




999 


a 




1,1777 


12 


49 




.6914 




.999 


f 


.6920 


1.3080 


8.828 


■ 


999 


8 


8242 


1.1758 


11 


60 




.6940 




.999 


£ 


.694E 


1.3055 


8.825 


a 


999 


8 


8261 


1.1739 


10 


61 


i 


.6965 




.999 


S 


.6971 




8.827 


) 9 


909 


8 


8380 


1.1720 


9 


62 


E 


.6991 




.999 


8 


0996 


l!3004 




S 


999 


a 


8299 


1.1701 




63 


f 


.7016 




.999 


6 


7021 


1.2979 


8.83C 


■ 


999 


8 


8317 


1.1683 


7 


54 


i 


.7041 




.999" 


8 


704G 


1.2954 


8.882 




999 


a 


8336 


1.1661 


6 


56 


8 


.7066 




.999 


8 


7071 


1.2929 


8.834 




.999 


s 


8366 


1.1646 


5 


56 


8 


7090 




.999- 


8 


.7096 


1.2904 


8.886 


9 


999 


a 


8878 


1.1627 


4 


67 


8 


7115 




.999- 


* 


.7121 


1.2879 


8.838 


9 


999 


8 


S39S 


1.1608 




58 


8 


7110 




.999- 


i 


.7146 


1.2855 


8.8400 


.9901 


8 


.841C 


1.1590 


2 


59 


8 


7164 




.999 


i 


.717C 


1.2830 


8.8418 


.9989 t 


.842f 


1.1572 


1 


60 


8 


7188 




.999 


E 


.7194 


1.2806 


8.8436 


,9989 t 


.84461 1,1554 







~Ciis;~ 


Sin. 


Oobmg 


, Tang. 


Cos. Sin. ' Cotoog. 1 TsBg. 


.i^ 


sr" 


8a» ,- 



TABLE n. Logarilhrnic Sines and 1 



8.6436 S 
S.8454 i 
8.8472 ! 



. 1.1554 

. 1.1585 

1 1.1517 

. 1.1*99 



8.9420 
8.94S4 
8.9449 



1.0566 ( 
1.0551 i 
i.0S37 ; 



8.8716 ! 
8.8783 ! 
8,8748 1 



. 1.1876 

! 1.1858 

I 1.1841 

i 1.1824 

1.1300 

1.1289 

1.1272 

1.1255 



1.1171 
1.1155 
1.3188 
1.1122 

i 1.1106 
1.1089 

' 1.1078 
1.1056 
1.1040 
1.1024 



8.9517 S 

i.9531 1 

8.9645 I 

8.9559 ! 



8.9723 £ 
8.9783 E 
a 9750 i 



8.9701 
8.9715 
8.9729 
8.9742 
8.9756 



i 1.0494 B 

1.0480 6 

1.0466 E 

I 1,0461 E 

; 1.0437 e 

■ 1.042S 4 

1.0409 i 

1.0395 4 

i 1.0381 i 

1.0367 i 

1 1.0354 4 

1.0840 i 

1.0826 4 

1.0312 ^ 

3.0299 i 

1.0285 i 

1.0371 i 

1.0258 i 

1.0244 { 



I 1.0 

1.0218 i 

i 1.0204 ! 

I 1.0191 ; 

1.0177 J 



8.9103 ] 

8.9118 1 

8.9134 1 

8.9150 i 



8.9345 ! 
8.9869 S 
S.9374 ) 



8.9907 
8.9919 
8.9932 



1.0774 
1.0759 
1.0744 



.9979 f 

.9979 f 

.9979 i 

9.9978 i 

9.9978 ( 

9.9978 < 

9.9978 t 

9.9978 i 



9.0107 
9.0120 
9.0182 
9.0144 
9.0156 
9.0168 
9.0180 
9.0192 



1.0072 i 
1.0060 '1 
1.0047 S 



0.9970 ] 

0.9957 1 

0.9945 ] 

0.9932 ] 

0.9920 ] 

0.9907 ] 
0.9896 
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TABLE II. Lofforilhmic Sines and Tangents. 





«= . . _1 


,o 








SiD. 


<im. I Tang- 


Cotnng. 


Bi=. 1 


Cos. 


Tbdk. 


CotaniJ. 




0' 


0.0192 


,99761 9.02101 


0.0784 


9.0869 


9.9968 


0.0891 


0.9109 


60" 




1 


9.0204 


.0976 E 


0228 


0.9772 


9.0869 


9.9967 


9.0902 


0.9098 


69 




2 


9.0216 


3.9976 


.0240 


0.9760 


9.0879 


9.9967 


9.0912 


0.9088 


58 






9.0228 


B.0976 


.0253 


0.9747 


0.0890 


9.9967 


9.0023 


0.9077 


67 




4 


9.0240 


9.0076 


.0265 


0.9735 


9.0900 


9.9067 


9.0033 


0.0067 


56 




5 


9.0252 


B.0975 


.0277 


0.9723 


9.0010 


9.9967 


9.0948 


0.9057 


65 




6 


9.0264 


9.9975 


.0289 


0.9711 


0.0920 


9.9967 


9.0951 


0.9046 


64 




r 


9.0270 


9.9975 


.0300 


0.9700 


9,0980 


9.9900 


9.0904 


0.9086 


53 




8 


B.0287 


9.S075 


.0812 


0.9388 


9.0940 


9.9066 


9.0074 


0.9026 








9.0299 


0.0975 


.0324 


0.9676 


9.0051 


9.9906 


9.0084 


0.0016 


51 




10 


9.0311 


0.0975 


,0336 


0.9664 


9.0901 


0.9966 


9.0996 


0.0005 


50 




11 


9.0828 


9.9976 


.0348 


0.9052 


9.0971 


9.9966 


9.1006 


0.8995 


40 




12 


9.0884 


9.9075 


.0860 


0,9040 


0.0981 


9.9066 


9.1015 




48 




13 


9.0346 


0.0974 


.0371 


0.9629 


9.0901 


8.9905 


0.1026 


0.8075 


47 




14 


0.0357 


0.9974 


.0888 


0.9617 


9.1001 


9.9965 


0.1085 


0.B9G5 






15 


0.0869 


9.9974 


9.0806 


0.9605 


9.1011 


9.9965 


9.1046 


0.8955 


46' 




16 


9.0380 


9.9074 


9.0407 


0.9693 


9.1020 


9.9965 


0.1055 


0.8915 


44 




17 


9.0392 


9.9074 


9.0418 


0.9582 


0.1030 


9.9966 


0.1060 


0.8934 


13 




18 


0.0403 


9.9974 


9,0430 


0.9570 


9.1040 


9.9965 


9.1076 


0.8924 


42 




19 


9,04i5 


9.9974 


9.0441 


0,9659 


9.1050 


9.9964 


9.1086 


0.8914 


11 




20 


9.0426 


9.9978 


9.0458 


0.9647 


9.1060 


0.0964 


9.1096 


0.8904 


40 




21 


9.0438 


9.9973 


9.0464 


0.9586 


9.1070 


0,9964 


0.1106 








22 


9.0419 


9.9973 


0.0476 


0.9524 


9.1080 


9.9064 


9.1116 


0.8884 






28 


9.0*60 


9.9078 


9.04B7 


0.9618 


0.1089 


9.0964 


9.1125 


0.8876 


87 




24 


9.0472 


9.9973 


9.0499 


0.0501 


0.1099 


0.9964 


9.1136 


0.8865 






26 


9,0488 


9.8973 


9.0510 


0.9490 


9.1100 


9.9964 


9.1145 


0.8855 


85 




26 


9.0494 


9.9973 


9.0521 


0.9479 


9.1118 


B.9068 


0.1166 


0.8845 


84 




27 


9.0505 


0.9972 


0.0588 


0.9467 


9.1128 


9.996i 


9.1165 


0.8886 


88 




28 


9.0516 


9,9972 


9.0544 


0.9466 


9.1188 




9.1176 


0.8825, 32 




29 


9.0527 


9.9972 


9.0555 


0.9445 


9.1147 


9:096i 


9.1185 


0.8815 


81 




SO 


9.0689 


9.9072 


9.0567 


0.0438 


9.1167 


9.9968 


9.1104 


0.8809 


80 




81 


9.0550 


0.9972 


9.0678 


0.9422 


9.1167 


0.9963 


9.1204 


0.8796 


29 




32 


9.0661 


9.0972 


9.0580 


0.9411 


9.1176 


9,9962 


9.1214 


0.8786 






S8 


9.0572 


9.9972 


0.0600 


0.9400 


9.1180 


9.9962 


9.1223 


0.8777 


27 




84 


9.0588 


9.9971 


9.0611 




9.1196 


9.9062 


0.1288 


0.8767 


26 




35 


9.0594 


9.9971 


9.0622 


o!0378 


9.1205 


9.9962 


9.1243 


0.8757 


26 




86 


9.0605 


9.9971 


0.0688 


0.9867 


9.1214 


9.9962 


9.1252 


0.8748 


24 




87 


9.0616 


9.9971 


9.0645 


0.9865 


0.1224 


9.9962 


9.1262 


0.8788 


23 




88 


0.0626 


9.9971 


9.0656 


0,9344 


0.1288 


9.9061 


0.1272 


0.8728 


22 




39 


9.0637 


9.9971 


0.0667 


0.9333 


9.1242 


9.9961 


9.1281 


0.8719 


21 




40 


9.0648 


9.9971 


9.0678 


0.9822 


9.1252 


9.9061 


0.1291 


0.8709 


20 




41 


0.0660 


9.9970 


9.0688 


0.0812 


9.1201 


0.090: 


9.1800 


0.8700 


19 




42 


9.0670 


0.9970 


9.O60B 


0.9301 


9.127 




9.1810 


0.8690 


18 




48 


9.0680 


9.9970 


9.O710 


0.0290 


9.128C 


a096< 


9.1318 


0.8681 


17 




44 


9.0691 


9.9070 


9.0721 


0.0270 


9.128S 


0.0960 


9.1829 


0.8671 


16 




45 


0.0702 


9.9070 


9.0782 


0.9268 


9.129E 


0.9960 


9.1338 


0.8662 


16 




4& 


0.0712 


9,9970 


9.0748 


0.9257 


9.130 


9.9960 


9.134S 


0.8052 


14 




47 


9.0728 


9.9960 


0.0754 


0.9246 


9.181 


9.9960 


9.185 


0.8643 


18 




48 


9.0784 


9.9969 


9.076 


0.0236 


9.132 


9.000c 


9.136 


0.8683 


12 




49 


9.0744 


9.9969 


9.077 


0.0225 


9.183 


9.9959 


9.187 


0.862^ 


11 




60 


9.0755 


9.9069 


9.078 


0.9214 


9.184E 


9.006S 


9.138 


0.8616 


10 




51 


9.0765 


9.9009 


9.079 


0,9204 


9.1364 


0.995 


9.189 


0.8605 


9 






0.0776 


9.9960 


9.080 


0.9193 


0.186 


0.005S 


9.140 


0.8696 


8 




63 


B.0786 


9.9069 


9.081 


0,9182 


0.137 


0.995<^ 


9.141 


0.8587 


7 




54 


9.0797 


9.9968 


9.082 


0.9172 


0.188 


0.096i 


9.142 


0.8577 


6 




55 


9.080T 


0.9968 


9.088 


0,9161 


0.139 


9.995E 


9.148 


0.856? 


6 




66 


0.0818 


9,99G8 


9.084 


0.9151 


9.189 


9.995 


9.144 


0.856i 


4 




57 


9.0828 


9.9968 


9.086 


0.9140 


O.iaO' 


9.995 


9.146 


0.855C 


3 






9.0888 


9.9968 


9.087 


0.9129 


9.141 


9.995 


9.146( 


0.861C 


2 




69 


9.0849 




9.088 


0.9119 


0.142 


9.905 


9.146 


0.853 


1 




60 


9.0859 


9.9968 


9.089 


0,9109 


9.143 


9.095 


9.147 


0.852 









Cm. 


Kn. 


Cotimg 


T»Dg. 


Cos. 


Sli. 


Cotsni 


T»dB. 




83° 


8a° 
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TABLE II. LogariOm 



md TangenU. 



0.1486 
9.1445 
9.1453 
0.1462 
9,1471 
9.1480 
9.1489 



9.1533 
9.1642 
9.1S51 
9.1560 
9.1668 
9.1677 
9.1686 
9.1594 
9.1608 
9.1612 
9.1620 
9.1629 
9.1687 
9.1646 
9.1655 
9.1668 
9.1672 
9.1680 
9.1689 
9,1697 
9.1706 
9.1714 
9.1722 
9.1781 
9.17S9 
9.1747 
9.1756 
9.1764 
9.1772 
9.1781 
9.1789 
9.1797 



9.1911 
9.1919 
9,1927 
9,1935 
9,1943 



9.9954 
9. 9954 
9.9954 



9.1605 
9.1616 
9.1524 



9,1678 
9.1887 
9,1696 



9.1702 
9.1710 
0.1719 
9.1728 
0.1786 
9.1745 
9.1764 
9.1762 



0.1797 
9.1805 
9.1814 
9.1922 
9.1831 
9.1839 
9.1848 



9.1948 
9,1956 
9.1964 
9.1973 



0.8496 
0.8485 
0.8476 
0.8467 
0.B458 
0.8449 
0.8440 
0.8431 
0.8422 
0.8413 
0.8404 
0,8895 
0.8387 



0.8360 
0.8351 
0.8342 
0.8888 
0.8325 
0.8816 
0.8807 
0.8298 
0.8290 
0,8281 
0.8272 
0.8264 
0.8255 
0,S246 
0.8238 
0,8229 
0,8221 
0,8212 
0,8203 
0.8195 
0.8186 
0.8178 
0.8169 
0.8161 
0.8152 
0.8144 
0.8136 
0.8127 
0.8110 
0.8110 
0.8102 



0.8060 
0.8052 
0.8044 

0^8027 
0.8019 
0.8011 



9.1951 
0.1959 
9,1967 
9.1975 
9.1983 
9.1091 
9.1999 
9.2007 
9.2016 
0.2022 
9.2030 
9.2088 
9.2046 

9.2061 
9.2069 
9.2077 
9.2085 
9.2092 
9.2100 
9.2108 
9.2115 
9.2123 
9.2131 
9,2188 
9,2146 
9,2158 
9.2161 
9,2169 
9.2176 
9.2184 
9.2191 
9.2199 
9,2206 
9,2214 
9.2221 



9.0941 
9.9941 
9.9941 
9.9941 
9.9941 
9.9940 
9.0940 
9.9940 



9,9937 
6.9987 



,1997 0.8003 60' 
w,2005 0.7995 "' 
9.2013 0.798 
9.2022 0.797 
9.2030 7n7^. «„ 
9,2038 7962 55 
9.2049 7954 54 
9.2054 7946 63 
7938 "■ 

7980 

792. 

7914 

7906 



9.2102 
0.2110 
9.2118 
9,2126 
9,2134 
9,2142 
9.2150 
9,2158 
9.2186 
9.2174 
9.2181 
9.2189 
9.2197 
9.2205 



9,2267 
9.2275 
9.2282 
9.2290 



7882 
7874 
7866 
7858 
7860 
7842 
7834 
7826 
7819 
7811 
0.7803 
0.7796 
0.7787 
0.7779 
0.7772 
0.7764 
0,7766 
0.7748 
0.7741 
0,7788 
0,7725 
0,7718 
0,7710 
0,7702 
0.7695 
0.7687 
9.2321 0.7679 
9.2828 0.7672 
....... 0.7664 

9.2348 0.7657 
9.2351 0,7649 
9.2359 0.7041 
.u.,:^^ 0.7634 
u,2874 0.7626 
9,2381 0.7619 
1,2889 0.7611 
0.7G04 
0.759 
.-... 0.768 
J.2419 0,758 
9.2426 0.757 
.,2434 0,756 
9.2441 0,755 
„.2448 0,755 
9,2456 0.754 
,2463 0.758 
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TABLE ir. LogaTiUitr 


!c Sines and Tangents. 






10" 


11= 




EiD. 


Con. 


T.I.B. 


Cotang. 


Sin. 


Cos. 


TsnR. 


CoUDg. 


0' 


0.2397 


9.9984 


9.2468 


0.7537 


9.2806 


9.9919 


9.2887 


0.7113 


60' 


1 


9,2404 


9.9933 


9.247! 


0,7629 


9.2812 


9.9919 




0.7107 


59 


2 


S.2411 




9.2478 


0.7522 


9,2819 


9,9919 


9^2900 


0.7100 


58 


3 


0.2418 


9.9988 


9.2486 


0.7516 




9.9919 


9.2S07 




57 


i 


9.2425 


9.9933 


9.2493 


0.7507 




9,9918 


9.2913 


0.7087 




5 


■ 9.2432 


9.9982 


9.2BO0 


0,7500 


9.2888 


9.9918 


9.2920 


0,7080 


55 


6 


9 2489 


9.9932 


9.2607 


0.7493 


9.2845 


9,9918 


9.2927 


0,7073 


64 


7 


9^2447 


9.9982 


9.2516 


0,7486 


9.2851 


9,9918 


9.2934 


0,7066 


68 


3 


6.2454 


9.9932 


9.2522 


0,7478 


9.2858 


9,9917 


9.2940 


0.7060 


62 


9 


9.2461 


9.9981 


9.2629 


0.7471 


9.2864 


9.9917 


9.2947 


0.7063 


51 


10 


9.24S8 




9,2586 


0,7464 


9.2870 


9.9917 


9.2953 


0.7047 


50 




9.2476 


9.9981 


9.2544 


0.7456 


9.2877 


9.9917 


9.2960 


0.7040 


49 


12 


9 2482 


9.9931 


9.2551 


0.7449 




9.9916 


9.2967 


0.7033 


48 


18 


9 2489 


9.9931 


9.2558 


0,7442 


9.2890 


9.991f 


9.2978 


0.7027 


47 




9 2496 








9.2896 






0.7020 


46 


15 


9 2o05 


9^9930 


9^2573 


o!7427 


9.2002 


9!991f 


912987 


0.7013 


45 


16 


9 2610 


9.9930 


9.2680 


0.7420 


9.2909 


9,9915 


9.29B3 


0.7007 


44 


17 


9 2517 


9.9980 


9.2587 


0,7418 


9.2915 


9.9915 


9.3000 


0.7000 


m 


18 


9 2524 


9.9929 


9.2694 


0.7406 


9.2921 


9.9915 


9.3006 


0,699^ 


42 


19 


•^2581 


9.9929 


9.2601 




9.2928 


9,9916 


9.3013 




41 


20 


9 2638 


9.9929 


9,2609 


o!739: 


9.2934 


9.9914 


9.3020 


o!6980 


40 


21 


9 2646 


9.9929 


9.2616 


0.7884 


9.2940 


9,9914 


9.8026 


a6974 


39 




9 2651 


9.9929 




0.7377 


9.2947 


9,9914 


9.3038 


0.6967 


38 


28 


9 2558 




9,2680 


0.7370 


9.2968 


9,9914 




0,6961 


87 


2i 


9 2665 


9.9928 


9,3087 


0.7868 


9.2959 


9.9918 


9.8046 


0,6954 


86, 


26 


9 2672 


9.9928 


9.2644 


0.7366 


9.2965 


9.9918 


9.3052 


0,6948 


35 


28 


9 2679 




9.2651 


0.7849 


9.2972 


9.9918 


9.8069 


0.e941 


84 


27 


9 2586 


9^9927 




0,7842 


9.2978 


9,9913 


9.3065 


0.6935 


33 


S8 




9.9927 


9.2666 


0.7384 


9.2981 


9.9912 


9.3072 


0,6928 


82 


20 


9 260( 


9.9927 


9.2678 


0.7327 


9.2990 


9.9912 


9.3078 


0,0922 


31 


30 


9 2606 


9.9927 


9.2680 


0,7820 


9.2997 


9.9912 


9.8085 


0.6916 


80 


81 


9 2G13 


9.9926 


9.2687 


0.7818 


9.8003 


9,9912 


9.3091 


0,6909 




32 


9 2f20 


9.9926 


9.2694 


0.7306 


9.8006 


9.9911 


9.8098 








9 2627 


9.9926 


9.2701 


0.7299 


9.8015 


9.9911 


9.3104 




27 


34 


9 2634 


9.9926 


9.2708 


0.7292 


9.3021 


9.9911 


9.8110 


o!689C 


26 


36 


2640 


9.9926 


9.2715 


0.7285 


9.8027 


9.9911 


9.8117 




25 


86 


9 2647 


9.9925 


9.2722 


0.T278 


9.8084 


9.9910 


9.8128 


0.6877 


24 


87 


9 2654 


9.9925 


S.2729 


0.7271 


9.8040 


9.9910 


9.3130 


0.6870 


23 




9 2661 


9.9926 


9.2736 


0.7264 


9,8046 


9.9910 


9.8136 


0,6864 


22 


89 


9 2667 


9.9925 


9.2748 


0.7257 


9.8052 


9.9910 


9.3142 


0.6868 


21 


40 


9 2674 


9.9924 


9.2760 


0.726O 


9.3058 


9.9909 


9.3149 


0.6851 


20 


41 


9 2631 


9.9934 


9.2757 


0.7243 


9.8064 




9.8156 


0.6846 


19 


42 


9 2687 


9.9924 


9.2764 


0.7236 


9.8070 


9;9909 


9,3162 


0,6838 


18 


43 


9 2694 


9.9924 


9,2770 


0,7280 


9,8077 


9.9909 


9,8168 


0.688i 


17 


44 


9 2701 


9.9928 


9,2777 


0,7223 


9.3083 


9,9908 


9,3174 




18 


45 


9 2707 


9.9928 


9.2784 


0.7216 


9.S089 


9,9908 


9.8181 


olesK 


15 


46 


9 2714 


9.9928 


9.2791 


0.7209 


9,8095 


9,9908 


9.8187 


0.6818 


14 


47 


9 2721 


9.9923 


9.2798 


0.7203 


9.8101 


9.9908 


9.3193 


0.6807 


18 


48 


9 2727 


9.9922 


9.2805 


0.7196 


9.3107 


9.9907 


9.8200 


0.6800 


12 


49 


9 2734 


9.9922 


9.2812 


0,7188 


9.8118 


9.9907 


9.3206 


0.6794 


11 


60 


9 2740 


9.9922 


9.2819 


0,7181 


9.8119 


9.9907 


9.3212 


0.6783 


10 


51 


9 2747 




9.2825 


0.7175 


9.S125 


9.9906 


9.8219 


0.6781 




52 


9 2754 


9!992I 


9.2832 


0.7168 


8.8181 


9.9906 


9.8225 


0.6776 


8 


63 


9 2760 


9.9921 


9,2839 


0.7161 


9.31S7 


9.9906 


9.8281 


0.6769 


7 


64 


276" 


9.9921 


9,2846 


0.7154 


9.8148 


9.9906 


9.3287 


0.6763 


6 


66 


9 2773 


9.9921 


9.2953 


0,7147 


9.3149 


9.9905 


9.8244 


0.6766 


6 


56 


9 2780 






0.7141 


9.8166 


9.9906 




0.6760 


4 


57 


9 27% 


9!992( 




0,7134 


9.8161 


9.9905 


9!8256 


0.6744 


8 


68 


2708 


9.9920 


9!a87i 


0.7127 


9.3167 


9.9905 


9.3262 


0.6738 


2 




2799 


9.9920 




0.7120 


9.3178 


9.9904 




0.6781 


1 


bO 


2S06 


9.9919 


9!288' 


0,7113 


9.3179 


9.9904 


9!S27S 


0.6725 







Cob. 


sin. 


Cot^ng. 


T^iB. 


Cos. 


Sin. 


Cotang. 


T^ng. 


-TT-V 





19° 
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TABLE II. Locjariihmic Sines and TanyenU. 



9.3276 0.6725 
9,3281 0.6'; 
9.3287 0.6- 



9.3244 ' 

9.82S0 ' 

9.3265 ■ 

e.B2ei 



9.8818 i 
9.3319 1 
9.8825 ! 



.9901 t 
.0900 ( 
.9900 ! 



9.3421 t 

9.8427 £ 

9.3432 E 

9.8438 E 

9.8444 E 

9.3449 £ 

9.8456 E 

9.3460 ( 

9.8463 ! 

9.8471 E 

9.3477 % 

9.8482 { 



9.3464 ' 
9.8469 ' 
9.3476 ' 



9.8511 ( 
9.8517 ( 
9.3523 ( 



9.3526 9 

9.3532 S 

9.B537 £ 

9.8548 i 

9.S54S £ 

9.3554 < 

9.8569 ( 

9.3564 I 



0.6551 
0.6548 
0.6642 



.6525 
.6519 
.0518 
.6507 
.6501 



0.6466 
0.6469 
0.6464 



0.6424 
0.6419 
0.6413 
0.6407 
0.6401 



9.8661 ! 
9.3666 ! 
9.8671 I 



t,3708 ! 
).3713 i 
(.8719 5 



9.3745 ! 

9.8760 1 

9.3768 ! 

9.8760 1 

0.3765 1 



9.8714 
9.3719 
9.3725 
9.8731 



9.3764 
9.8770 
9.8776 
9.8781 
9.8787 
9.8792 
9,3798 



,0.6366 6( 
0.6861 5( 
0.6355 5f 
0.6849 5: 
0.6348 5{ 
0.6838 W 
0.6332 5( 
0.6326 5! 
0.6320 55 
0.6815 6; 
0.630S 51 
0.6808 4! 
0.6298 4! 
0.6292 4' 
0.6286 4i 
0.6281 4. 
0.6275 4 
0.6269 4 
0,6264 4 
0,6258 4 
6252 4 
624 8 
6241 3 
6286 3 
O6''30 8 
6224 3 
6"19 8 
6'13 3 
6208 8 
0b202 3 
6196 8 
OblSl 2 
6185 2 
6180 " 
6174 2 
6169 2 
'. 6163 " 
! 6158 2 
\ 0bI52 
( 6U 
6141 
0,6136 1 
0,6180 1 
I 0.6126 ] 
, 0,6119 1 
i 0,6114 1 
! 0.6108 1 
■ 0.6103 ] 



9.9871 ! 
9.9871 ! 
9.9871 1 



0.6043 
0.6086 
0.6082 



iyCCo( bglc 
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TABLE II. Logariihinic Sm 


^ 


%nd 


Tangents. 






1*= 


IS" 






o,. 


TanK. 


Cotang. 


Sin. 


Cos. 


TB.W. 


Coteng. 


'"o" 


9.8837 


9.9869 


9.8968 


o:eOB2 


9.4180 


9.9849 


9.4281 


0.6719 


60' 


1 


9,8842 


9 


9869 


9 


3973 


0.6027 


9.4186 




9849 


9.4286 


0.6714 


59 


2 


9.8847 


fi 


9868 


9 


8978 


0.6022 


9.4139 




9849 


9.4291 


0,5709 


68 


8 


9.3852 


9 


9868 


9 


3984 


0.6018 


9.4144 




9848 


9.4296 


0.5704 


57 


4 


9.3S57 


9 


9868 


9 


8989 


0.6011 


9.4149 


9 


9848 


9.4801 


0.5699 


66 


6 


9.8862 


9 


9867 


9 


3995 


0.6005 


9.4158 


a 


9848 


9.4306 


0.6694 


55 


B 


9.3867 




9867 




4000 


0.6000 


9.4158 




9847 


9.4311 


0.5689 


54 


7 


9.3872 




9867 




4O05 


0.5995 


9.4168 


% 


9847 


9.4316 


0.6684 


53 


8 


0.8877 




9867 


9 


4011 




9.4J63 




9847 


0.4821 


0.5679 


52 






9 


9866 


9 


4016 


o!5984 


9.4172 


9 


9846 


9.4326 


0.6674 


51 


10 


9.3887 


9 


9866 


9 


4021 


0.5979 


9.4177 


9 


9846 


9.4331 


0.5669 


50 


11 


9.3892 


9 


9899 


9 


4027 


0.5973 


9.4181 





9846 


9.4386 


0.6G64 


49 


12 


9.8897 




9866 


9 


4032 


0,5968 


9.4186 


9 


9845 


9.4841 


0.5659 


48 


Id 


9 3902 


9 9880 


9 


4087 


0.6968 


9.4191 


9 


9846 


9.4346 


0.5654 


47 




jaao- 


9 9865 


9 


4042 


0,6958 


9.4195 


9 


6845 


9.4351 


0.5649 


46 


15 


9 3912 


9 9864 


9 


4048 


0.6962 


9.4200 


9 


9844 


9.4356 


0.5644 


45 


16 


9 3117 


9 9864 


9 


4053 


0.6947 


9.4206 


S 


0844 


0.4861 


0.5689 


44 


17 


J 392' 


9 9864 


9 


4058 


0.5942 


9.4209 


9 


9844 


9.4366 


0.5684 


43 


18 


9 8927 


9 9803 


9 


4064 


0.6986 


9.4214 


9 


9848 


9.4371 


0.6629 


42 


li? 


9 3932 


9 986i 


t 


4069 


0.5931 


9.4219 


9 


9843 


9.4876 


0.6624 


41 


20 


9 8987 






4074 


0.6926 


9.4223 


9 


9848 


9.4881 


0.5619 


40 


21 


9 3942 


9 9832 


9 


4079 


0.5921 




9 


9842 


9.48S6 


0.5614 


39 


22 


9 8947 


9 9882 


9 


409I 


0.6916 


9^4232 


9 


9842 


9.4390 


0,6610 


38 


2S 


9 3902 


9 9862 


9 


0.6910 


9.4237 


9 


9842 


9,4895 


0.5606 


87 


24 


9 89o7 


9 9861 


9 


4095 


0.5905 


9.4243 


9 


9841 


9,4400 


0,5600 




2i 


9 3961 


9 9861 




4100 


0.6900 


9.4246 


9 


S841 


9,4405 


0,6696 


86 


26 


9 896G 


9 9861 


9 


4106 


0.5894 


9.4251 


9 


9841 


9.4410 


0.5590 


34 


27 


9 3171 


9 9860 


9 


4111 




9.4265 


9 


9840 


9.4415 


0.5685 






9 8976 


9 9860 


9 


4110 


o!6884 


9.4260 




9840 


9.4420 


0,5580 


82 




9 3981 


9 9860 


9 


4121 


0.5879 


9.4264 


9 


0839 


9.4425 


0.6575 


31 


80 


9BJ88 


9 9859 


9 


4127 


0.5873 


9.4269 


9 




9.4480 


0.5570 


30 


11 


9 8991 


9 9859 


9 


4132 


0.5868 


9.4274 




9839 


9.4485 


0.5566 


29 


8^ 


9 3998 


9 9809 


9 


4187 


0.6863 


9.42T8 


9 




9.4440 


0.6560 


28 


33 


!4001 


9 9808 


9 


4142 


0.5868 


9.4283 


9 


983» 


9.4445 


0.5556 


27 


84 


9 40 30 


98a8 


9 


4147 


0.6863 


9.4287 


9 




9.4449 


0.6661 




85 


^4010 


9 9858 


9 


4168 


0.5847 


9.4292 


9 


9887 


9.4454 


0.5546 


25 


sa 


9 401 


9 9%7 


9 


4158 


0,6842 


9.4296 


9 


988T 


9.4459 


0.5541 


24 


87 


9 40 


J 9857 


9 


41 6S 


0,5837 


9.4301 


9 


9887 


9.4464 


0.5536 


28 


88 


J 40 


9 9S.T 


9 


4168 


0,6882 


9.4805 


9 




9.4469 


0.6681 


22 


39 


9 4080 


9 9»:>6 




4178 


0,5827 


9.4810 


9 




9.4474 


0,5526 


21 


40 


t Mli 


9 98j6 


9 


4178 


0,6822 


9.4814 


9 


9886 


9.4479 


0,6621 


20 


41 


9 4089 


9 9806 


9 


4184 


0,5819 


9.4819 


9 


9836 


9.4484 


0.5516 


19 


42 


9 4044 


9 9855 


9 


4189 


0,6811 


9.4328 


9 


9835 


9.4488 


0,8512 


18 


i3 


9 4049 


9 98o) 


9 


4194 


0.5806 


9.4328 


9 


9835 


9.4498 


0,5507 


17 


U 


9 40il 


9 985J 


9 


4199 


0.5801 


9.4882 


9 


9884 


9,4498 


0.5502 


16 


45 


9 40j9 


9 9854 


9 


4204 


0.5796 


9.4SS7 


9 


9834 


9,4508 


0.5497 


15 


4a 


9 4063 


9 9854 




4209 


0.5791 


9.4841 


9 




9.4508 


0.5492 


14 


« 


9 4008 


9 9854 


i 


4214 


0.5786 


9.4846 


9 


988J 


9.4513 


0.6487 


13 


48 


9 40(3 


9 9853 




4220 


0,5780 


9.4850 




9883 


9.4617 


0.5488 


12 


49 


9 4078 


9 9853 




422E 


0.6775 


9,4856 




9882 


9.4522 


0.6478 




60 


9 4053 


9 9858 


1 


4280 


0,5770 


9.4359 


9 


9832 


9.4627 


0.5478 


10 


51 


9 4087 


9 9852 




4285 


0.6765 


9.4364 




9882 


9.4532 


0.5468 


9 


52 


9 4092 


9 9852 


1 


4240 


0.5760 


9.4368 


9 


98S1 


6.4587 


0.5463 


8 




9 4097 


9 9862 




4245 


0.6766 


9.4872 





9881 


9.4541 


0.6456 


7 


64 


9 4102 


9 9851 




4250 


0.5750 


9.4S7T 


9 


9831 


9.4546 


0.5454 


6 


55 


9 4106 


9 9851 


9 


4265 


0.5746 


9.4381 




9880 


6.4551 


0.6449 


6 


56 


9 4111 


9 9851 




4260 


0.5740 


9.4886 




9880 


9.4566 


0.5444 


4 


57 


4118 


9 9850 




4265 


0.5736 


9.4390 


9 


983( 


9.4561 


0.6489 


8 


58 


9 4121 


9 9B50 




4270 


0.6780 


9.4395 


9 




9.4666 


0.5485 


2 


59 


S41''5 


9 98jO 


9 


4275 


0.5725 


9.4899 




982! 


9.4570 


0.5480 


1 


60 


9 4130 


S%49 


9 


4281 


0,5719 


9.4403 


9 


9828 


9.4575 


0.6425 







Cob. 1 aiQ. 


CotsDg. 


Tang, 


Cos. 


Sin. 


Oatong. 


T™g. 




as" 


74" 
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TABLE 


II. Logaritlvi 


Mc Sin 


"sand 


Tmigmts. 


1 




1G° 


IJO 




ain. 


CO. 


TKds. 


CMang. 




Oo». 


Tang. 


COlKDg. 


v 


B.44U3 


9.9828 


9.4575 


0.5425 


9,4659 


9.9806 


9.4853 


0.5147 


"60^ 


1 


9.4408 






9.4580 


0.6420 


9.4663 


9.9806 


9.4858 


0.5142 


69 




0.4412 


9 




9.4584 


0.6416 


9.4668 


9.9805 


9.4862 


0.5188 


68 




9.4417 




0827 


0.4580 


0.5411 


9.4672 


9.9805 


9.4867 


0.5183 


57 


4 


9.4421 


9 


9827 


9.4594 


0.6406 


9.4676 


9.9804 


9.4871 


0.6129 


56 


5 


9.4425 


9 




9.4609 


0,5401 


9.4680 


9.9804 


9.4876 


0.5134 


55 




9.4430 


9 


)826 


9.4608 


0.5397 


9.4684 


9.9804 




0.5120 


54 


7 


9.4434 


9 




9.4608 


0.6892 


0.4688 






0.5115 


53 


8 


9.4438 


9 




0.4618 


0.5387 




9!9803 


9!4889 


0.5111 


52 


9 


9.4448 


9 




9.4618 


0.6882 


9.4696 




9.4894 


0.5106 


51 


10 


9.4447 


9 


9826 


9.4622 


0-5878 


9.4700 




9.4808 


0.5102 


50 


11 


9.4452 


9 


9824 


9.4837 


0.5878 


9.4705 


9.9802 


9.4908 


0.5097 


49 


12 


9.4456 


9 


9834 


9.4632 


0.6368 


9.4709 


9.9801 


9.4907 


0.5093 


48 


13 


9.4460 


9 


0824 


9.4637 


0.5868 


9.4718 


9.9801 


9.4912 


0.6088 


47 


14 


9.44eS 


9 


9823 


9.4641 


0,5359 




9.9801 




0.5084 


46 


15 


9.4469 


9 


9828 


9.4646 


0.5854 


9^472] 


9.9800 


9!4921 


0.5079 


45 


16 


9.44T3 


9 


9822 


9.4651 


0.5349 


9.4725 


0.0800 


9.4925 


0.5075 


44 


17 


9.4478 


9 


9823 


9.4656 


0.5845 


9.4730 


9.9799 


9.4930 


0.5070 


43 


:18 


9.4482 


9 


9822 


0.4660 


0.6840 


9.4788 


9:9790 


9.4984 


0.5066 


42 


19 


9.4486 


9 


9821 


9.4665 


0.5335 


9.4737 


9.9799 


9.4939 


0.5061 


41 


20 


9.4491 






9.4669 


0.5881 


9.4741 


9.9708 


9.4943 


0.5067 


40 


21 


9.4495 


9 


9821 


9.4674 


0.6326 


9.4745 


9.9798 


9.4047 


0.5068 


89 


22 


9.4499 


9 


9820 


9.4679 


0.5821 


0.4749 


9.9797 


0.4053 


0,6048 


38 


2S 


9.4508 


9 


9820 


9.4683 


0.5817 


0.4763 


9.9797 


0.4956 


0.5044 


37 


24 


9,4508 


9 


9820 


9.4688 


0.5312 


0.4767 


9.9797 


9.4961 


0.5089 


86 


25 


9.4612 


9 


9819 


9.4693 


0.5807 


9.4761 


9.9796 


9.4965 




35. 


26 


9.4516 


9 


9819 


9.4697 


0.6303 


9.4766 


9.9796 


9.4970 


0.5030 


84 


27 


0.4521 


9 


9818 


9.4702 


0.6298 


9.4769 


0.9705 


9.4974 


0.5020 


33 


28 


9.4526 


9 


9818 


9.4707 


0.5293 


9.4778 


9.9795 


9.4978 


0-5022 


82 




9.4529 


9 


9818 


0.4711 




9.4777 


9.9795 


9.4983 


0.6017 


31 


80 


9.4533 


9 


9817 


9.4716 


o;5284 


9.4781 


9.9794 


0.4987 


0.5018 


80 


31 


9.4538 


! 


9817 


9.4721 


0.5279 


9.4785 


9.9794 


9.4992 


0.5008 




32 


9.4542 




9817 


9.4725 


0.5275 


9.4789 


0.9793 


9.4096 


0.5004 




33 


9.4546 


! 


9816 


9.4780 


0.5270 


9.4798 


9.9793 


9.5000 


0.6000 


27 


34 


9.4550 


9 


9816 


9.4785 


0.5265 


9.4797 


0.0793 


0.5006 


0.4995 


26 


36 


9.4555 


9 


9816 


9.4789 


0.5261 


9.4801 


0.9793 


9.5009 


0.4991 


25 




9.4659 


9 


9816 


9.4744 


0.5266 


9.4805 


9.9793 


9.5014 


0.4986 


34 


87 


9.4568 


9 


9815 


9.4748 


0.6262 


9.4809 


9.9791 


0.5018 






88 


9.4567 




9814 


9.4763 


0.5247 


9.4813 


9.9791 


9,5033 


o!4978 




39 


9.4572 




9814 


9.4768 




9.4817 


9.9791 


9.5027 


0.4978 


21 


40 


9.4676 


9 


9814 


9.4762 


0.6238 


9.4821 


9.9790 


0.5031 


0.4969 


20 


41 


9.4580 


9 


9813 


9.4767 


0.6283 


9.4825 


9.9790 


0.5085 


0.4965 


19 


42 


9.4584 





0818 


9.4771 


0.5229 


9.4829 


9.9789 


0.5040 


0.4960 


18 


43 


9.4588 


9 


9813 


9.4776 


0.6224 


9.4833 


9.9789 


0.5044 


0.4956 


17 


44 


9.4598 





0812 


9.4781 


0.6219 


9.4887 


9.9789 


9.5049 


0.4951 


16 


45 


9.4597 


9 


9812 


9.4785 


0.6215 


9.4841 


9.9788 


9.5058 


0.4947 


16 


46 


9.4601 




9811 


9.4790 


0.5210 


9,4846 


9.9788 


9.5057 


0.4043 


14 


47 


9.4606 




9811 


9.4794 


0.5206 


9.4849 


9.9787 


9.6062 


0.4938 


13 


48 


9.4609 




9311 


9.4799 


0.5201 


9.4863 


9.9787 


9.6066 


0.4984 


13 


49 


9.4614 


9 


9810 


9.4808 


0.5197 


0.4857 


9.9787 


9.6070 


0.4930 


11 


60 


9.4618 




9810 


0.4808 


0.5192 


9.4861 


9.9786 


9.6075 


0.4926 


10 


61 


9.4622 




9809 


9.4813 


0.5187 


0.4865 


9.9786 


9.5079 


0,4921 


9 


52 


9.4B26 






9.4817 


0.6188 


9.4869 


9.9785 


9.5088 


0.4917 


8 


58 


9.4630 


1 




9.4322 


0.6178 


9.4878 


9.9785 


0.5088 


0.4912 


7 


64 


9.4634 






9.4820 


0.6174 


9.4876 


9.9785 


9.5092 


0.4908 


6 


65 


9.4689 


1 


0801 


9.4831 


0.5169 


9.4880 


9.9784 


9.5096 


0.4904 


6 


56 


9.4648 


9 






0.5165 


9.4884 


9.9784 


9.5101 


0.4899 


4 


57 


9.4647 




9807 


9!484( 


0.6160 




9.9783 


9.5105 


0.4805 




68 


9.4661 


! 


980" 


9.4844 


0.5166 


9!4892 


9.9783 


9.5109 


0.4891 


2 




9.4655 






9.4840 


0.6151 


9.4896 


9.9783 


9.5] 18 


0.4887 


I 


60 


9.4669 


i 


980( 


9.4853 


0.5U7 


9.4900 


9.9783 


9.6118 


0.4882 







Coa. 


Sla. 


Colang. 


I.ng. 


Cm. 


Sin. 


Cotaog. 


Tcmg. 




r3= 


•>%" ■ ( 



TABLE II. LogarUlimic Sines and Taiigmts. 





18= 1 


IS" 1 


60' 




Sm, 


G.8. 


Itang. 


Cotonn- 


Sin. 


Opb. 


TEUlg. 


Cotaog. 

■aleso 


~¥ 


9.4900 


8.9782 


9.5118 


0.4882 


9.5126 


9.9767 


"9.5370 


1 


9.4904 


9.9782 


9.5122 


0.4878 


9.5130 


9.9756 


9.S374 0.46261 


59 


2 


0.4908 


9.9781 


9.5128 


0.4874 


9.6134 


9.9756 


9.6878 


0.i622 


58 


3 


9.4911 


9.9781 


9.6181 


0.4869 


9.5137 


9.9755 


9.5382 


0.4618 


57 


4 


9.4916 


9.9780 


9.5136 


0.4865 


9.6141 


9.9755 


9.5886 


0.4614 


66 


6 


9.4919 


9.9780 


9.6189 


0.4861 


9.5145 


9.9765 


9.6890 


0.4610 


66 


6 


9.4928 


9.9780 


9.5143 


0.4867 


9.5148 


8.9764 


9.5894 


0.4600 


54 




9.4927 


9.9778 


9.6148 


0.4852 


9.5152 


9.9764 


9.5398 


0.4602 


53 


8 


9.4981 


9.9779 


9.6152 


0.484B 


9.5166 


9.9768 


9.5402 


0.4598 


52 


9 


9.4986 


9.9778 


8.8156 


0.4844 


9.5159 


9.9753 


6.5407 


0.4593 


51 


10 


9.4989 


9.9778 


9.5161 


0.4839 


9.5163 


9.9762 


9.5411 


0.4689 


50 


11 


9.4942 


9.0778 


B.61S5 


0.4836 


9.5167 


S.B752 


9.5415 


0.4585 


49 


12 


9.4946 


9.9777 


9.51GB 


0.4831 


6.5170 


9.9751 


9,6419 


0.4581 


48 


13 


9.4950 


9.9777 


9.6173 


0.4827 


9.5174 


9.9751 


9.6423 


0.4677 


47 




e.4»54 


9.9770 


9.5178 


0.4832 


9.5177 


9.9761 


9.5427 


0.4578 


46 


15 


9.4968 


9.9776 


9.5182 


0.4818 


9.6181 


9.9750 


9.5431 


0.4669 


46 


13 


9.4962 


9.9776 


9.6186 


0.4814 


9.5186 


9.9760 


9.5435 


0.4566 


44 


17 


9.4065 


9.9775 


0,6160 


0.4810 


9.5188 


9.974B 


9.6489 


0.4561 


43 


18 


9.4969 


9.8775 


8.5196 


0.4806 


9.6192 


9.9749 


9.5443 


0.4557 


42 


19 


9.4973 


9.9774 


9.6199 


0.4801 


9.5196 


9.9748 


9.5447 


0.4553 


41 


20 


9.4977 


9.9774 


9.5208 


0.4797 


9.5199 


9.9748 


9.5451 


0.4549 


40 


21 


9.4981 


9.9773 


9.5207 


0.479S 


9.5208 


9.9747 


9.6455 


0.4546 


39 




9.4984 


9.9773 


9.5212 


0.4788 


9.6206 


9.9747 


9.6469 


0.4541 




28 


9.4988 


9.9778 


9.52ie 


0.4784 


9.6210 


9.9747 


9.5463 


0.4537 


87 


24 


9.4992 


9.9772 


9.5220 


0.4780 


9.5218 


6.6748 


9.6467 


0.4688 


36 


26 


9.4996 


9.9772 


9.6224 


0.4776 


9.6217 


9.9746 


9.5471 


0.4529 


35 


26 


9.5000 


9.97T1 


9.5228 


0.4772 


9.522 


9.9745 


9.6475 


0.4525 


84 


27 


9.5003 


9.9771 


9.6283 


0.4767 


9.6224 


9.9745 


9.6479 


0.4521 




28 


9.6007 


9.9770 


9.6287 


0.4763 


9.522f 


9.9744 


9.6488 


0.4617 


82 


29 


9.601 


9.9770 


9.5241 


0.4769 


9.623 


9.9744 


9.5487 


0.4513 


31 


BO 


9.5015 


9.9770 


9.5246 


0.4765 


9.528 


9.9748 


9.6491 


0.4509 


80 


SI 


9.50F 


9.9769 


9.6249 


0.4751 


9.623 


9.6743 


9.6465 


0.4505 


29 


32 


9.502' 


9.9769 


9.5264 


0.4746 


9.524 


9.9748 


9.6600 


O.45U0 


28 


88 


9.502 


9.9768 


9.5261 


0.4742 


9.524 


9.9742 


9.6604 


0.4496 


27 


84 


9.508 


9.9768 




0.4738 


9.624 


6.9742 


9.5608 


0.4192 


2G 


86 


9.508 


9.9767 


9!5266 


0.4784 


9.526 


9.9741 


8.6612 


0.4488 


25 


39 


9.503 


9.9767 


9.5270 


0.4780 


9.525 


9.9741 


9.6516 


0.4484 


24 


37 


9.504 


9.9767 


9.5276 


0.4725 


9.626 


9.9740 


9.5520 


0.4480 


23 


38 


9.504J 


9.9766 


9.6279 


0.4721 


9.626 


9.9740 


9.5624 


0.4476 


22 




9.604 


9.0766 


9.5288 


0.4717 


9.526 


9.9739 




0.4472 


21 


40 


9.505 


9.9765 


9.6287 


0.4713 


9.527 


9.9786 


9.6681 


0.4469 


20 


41 


9.605 


9.9765 


9.6291 


0.4706 


9.627 


9.9739 


9.5585 


0.4465 


19 


42 


9.506 


9.9764 


9.6295 


0.4705 


9.527 


9.9788 


8.6689 


0.4461 


18 


48 


9.506 


9.9764 


9.5800 


0.4700 


9.538 


9.9788 


9.5543 


0.4457 


17 


44 


9.506 


9.9764 


9.53a 


0.4696 


9.628 


9.9737 


9.5647 


0.4468 


16 


45 


9.507 


9.9763 






9.528 


9.9737 


9.5551 


0.4449 


16 


46 


9,507 


9.9763 


9.6812 


0.4683 


9.529 


9.9736 


9.6555 


0.4445 


14 


47 


9.507 


9.9762 


9.6316 


0.4684 


6.629 


9.9786 


9.6669 


0.4441 


18 


48 


9.508. 


8.9762 


9.6820 


0.4680 


9.529 


9.9785 


9.5568 


0.4487 


12 


49 


9,608 


9.8761 


9.6824 


0.4676 


9.530 


9.9786 


9.6667 


0.4433 


11 


60 


9.609 


9.9761 


9.5329 


0.4671 


9.580 


9.9734 


9.6571 


0.4429 


10 


51 


9.609 


9.9761 


9,6833 


0.4667 


9.580 


9.9784 


9.5676 


0.4425 


9 


5a 


9.60g 


9.9760 


9.5337 


0.4663 


9.631 


9.9734 


9.5579 


0.4421 


8 


58 


9.510 


9.9760 


9.6841 


0.4659 


9.681 


9.9783 


9.6583 


0.4417 


7 


64 


9.610 


9.9759 


9.5346 


0.4056 


9.632 


9.9783 


9.5587 


0.1418 


6 


56 


S.6i0 


9.9759 


9.6849 


0.4^51 


9.5821 


9.9782 


9.5591 


0.4409 


5 


66 


9.511 


9.9758 


9.5358 


0,4647 


9.632 


9.9732 


9.5596 


0.4405 


4 


57 


9.511 


9.9768 


9.6857 


0.4643 


9.588 


9.9731 


9.5599 


0.4401 


3 


58 


9.511 


9.9758 




0.4638 


9.533 


9.9731 


9.6603 


0.4807 


2 


59 


9.612 


9.9757 


9!586e 


0.4634 


9.533 


9.9730 


9.5607 


0.4393 


1 


60 


9.512 


9.9757 


9.5870 


0.4630 


9,634 


9.9730 


9,5611 


0.4389 







Cos. 


Sin. 


Coto..g. 


Tmg. 


0.. 


Si a. 


Colong. 


Taog. 


L^-^ 


SI" 


I 70° ( 





TABLE II. Zoffarm« 


lu: Sin 


s and 


Tangents. 


1- 


I_ 


ao° 1 


ai= 








o™. 


TanB. 


Cotaiy. 




Cob. 


T^. 


Cotong, 


O- 9 


6341 


9.973U 


9.5611 




9.5543 


9.9702 


9,5842 


0.4158 


'W 


1 9 


5344 


9.9729 


9.5615 


o!4385 


9,5547 


9.9701 


9,5846 


0.4154 


59 


2 9 


5347 


0.9729 


0.5619 


0.4381 


9,5550 


9,9701 


9,6849 


0,4151 


58 


3 9 


5351 


9.9729 




0.4878 


9.5553 


9,9700 


9.5858 


4147 


57 


4 9 


5354 


9.9728 


9!5826 


0,4374 


9.5656 


9.9700 


9,5857 


4148 


56 


■5 9 


5368 


9.9728 


9.5680 


0.4370 


9.65G0 


9.9699 


9,5861 


4189 


56 


6 9 


63S1 


9.9727 


9.5634 


0.4866 


0,6568 


9,9699 


9.6864 


4136 


54 


7 9 


6365 


9.9727 


9.6688 


a4362 


9.5566 


9.9608 


9,6868 


4182 


53 


8 9 


6868 


9.9726 


9.5642 


0.4858 


9.6570 


9.9698 


9.5872 


4128 


52 


9 9 


6372 


9.9728 


0.6646 


0.4354 


9.6573 


9.0697 


9.5876 


4124 


51 


10 9 


5876 


9.9726 


9.5660 


0,4350 


9.5576 


9.9697 


9.5879 


4121 


50 


11 9 


6379 


9.0725 


9.6664 


0,434S 


9.5579 


9,9696 


9 5883 


4117 


49 


12 9 


5382 


9.9724 


0.5658 


0.4342 


9.5583 


9,9606 


9^6887 


4113 


41 


13 9 


6885 


9.9724 


9.5662 


0,4338 


9.6586 


9,9695 


9,5891 


4109 


47 


14 


5889 


9.9728 


9.60H6 


0,4335 


9.6589 


9,9696 


9,6894 


4106 


46 


15 9 


5302 


9.9723 


9.5660 


0.4331 


9.5592 


9.9694 




4102 


45 


16 9 


5896 


9.9722 


9.6673 


0.4327 


9.5596 


9.9694 


0.6902 


4098 


44 


17 9 


5399 


9.9722 


9.5677 


0.4823 


9.559S 


9.9698 


0.5906 


4094 


48 


•18 9 


5402 


9.9722 


9.5681 


0.4819 


9.5602 


9.9693 


9.5909 


4091 


42 


19 9 


5406 


9.9721 


9.5685 


0.4316 


9.5005 




9.5918 


4087 


41 


20 9 


5409 


9.9721 


9.5689 


0.4S11 


9.5509 


9,9692 


9,6917 


4088 


40 


21 9 


5413 


9.9720 


0.5693 


0,4807 


9.5612 


9.9691 


9,5921 


4079 


39 


22 9 


5416 


9.9720 


9.5696 


0,4304 


9,5615 


9.9691 


9.5924 


407!. 


%S 


28 9 


5420 


9.9719 


9.6700 


0.4800 


9,5618 


9.06BO 


9.5928 


4072 




24 9 


5423 


9,9719 


9.5704 


0.4296 


9.5621 


9.9690 


9.5932 


40C8 


36 


25 9 


5426 


9.9718 


9.5708 


0.4292 


0.5625 


9,9689 


9.5935 


4065 


85 


20 9 


6430 


9.9718 


9.5712 




9.5628 


9,9689 


9.5989 


4061 


34 


27 9 


5433 


9.9717 


9.571S 


o:4284 


0.5681 




9.5943 


4057 


aa 


28 9 


6436 


9.9717 


9.5720 


0.4280 


9.6634 


9.9688 


9.6947 


4053 


32 


29 9 


5440 


9.9719 


9.5724 


0.4276 


0.5688 


9,9687 


9.5960 


4050 


81 


SO 9 


6443 


9.9716 


9.6737 


0.4273 


9.5641 


9.9687 


9.5954 


4046 


30 


81 9 


5447 


9.9715 


9.5781 


0.4269 


9.66^4 


9.9686 


9.6958 


4043 


29 


32 9 


5450 


9.9715 


9.6735 


0.4266 


9.5647 


9.9680 


9.6961 


4089 


28 


33 9 


5463 


9.9714 


9.6739 


0.4261 


9,6650 


9.9685 


9.5965 


4035 


2- 


84 9 


5457 


9,9714 


9.6743 


0.4257 


9.6654 


0.B685 




403] 




So 9 


6460 


9.9714 


9.5747 


0.4263 


9.5657 


0.0684 


9! 6072 


4028 


25 


36 9 


5463 


9.9713 


9.5760 


0.4250 


9,5660 


9.9684 


9.5076 


4024 


24 


37 1 


6467 


9.9718 


0.6754 


0,4246 


9.5083 


9.9683 


9.5980 


40.0 


28 




6470 


9.9712 


9.5758 


0,4242 


0.5666 


9,9688 


0.5984 


4016 


22 


39 1 


5474 


9.9712 


9.5762 


0.4288 


9.6670 


9.9682 


9.5987 


4013 


21 


40 9 


5477 


0.9711 


9.5766 


0.4234 


9.5673 


9.9682 


9.5991 


4009 


20 


41 9 


5480 


9.9711 


9.5770 


0.4230 


9,5676 


9.9681 


9.5995 


4005 


19 


42 9 


5484 


9.9710 


9.6T7[ 


0.4227 


9.667B 


9.9681 


9,6908 


40^2 


18 


43 9 


6487 


9.9710 




0.4228 


9.5682 


9.0680 


9,6002 


3998 


17 


44 9 


6490 


9.9709 


9!578- 


0.4219 


9.6685 


9.0680 


9,6006 


8194 


16 


45 9 


5494 


9.9709 


9.5785 


0.4215 


0.5689 


9.9679 


9.6009 


0.3991 


15 


46 9 


5497 


9.9708 


9,6789 


0.4211 


9.5692 


9.9679 


9.6013 


0.3087 


14 


47 9 


6500 


9,9708 


9,5792 


0.4208 


0.5696 


9.9678 


9,6017 


0.8988 


18 


48 9 


660J 


9.9707 


0.5796 


0.4204 


9.5698 


9.967S 


9.6020 


0.8980 


12 


49 9 


550- 


9.9707 


0.68OO 


0,4200 


9,6701 


9.9677 


9.6024 


0.3976 


11 


50 S 


551C 


9.9706 


9.6804 


0.4196 


9,5704 


9.0677 


9.6028 


0.8972 


10 


51 g 


6614 


9.9706 


9.580? 


0,4102 


9.6708 


9.9676 


9.6031 


0,8969 


9 


52 g 


55i; 


9.9705 


9.5811 


0.4189 


9,571! 


9.9676 


9.6036 


0.3965 


8 


58 a 


552C 


9.9705 


9.5816 


0.4185 


9.6714 


9.9675 


9,6039 


0.3961 


7 


64 g 


662 


9.9704 


9,6819 


0.4181 


9.6717 


9.9676 


9.6042 


0.89S8 


6 


5S s 


652 


9.9704 


9.5823 


0.4177 


9.6720 


9.9674 


9.6046 


0.3954 


5 


56 g 


653 


9.9703 


9.5827 


0,4173 


9.5723 


0.9674 


9.6050 


0.3950 


4 


57 8 


558 


9.9703 


0.5830 


0.4170 


9.6726 


9.9678 


9,6058 


0.3047 


3 


68 ■ 


553 


0.0702 


9.6834 


0.4166 


9,572B 


9.0673 


9,6057 


0.3948 


2 




564( 


9.9702 


9.68SS 


0.4162 


9,5733 


9.9672 


9.6060 


0.8940 


1 


60 g 


554 


9.9702 


9.584 


0.4158 


9,5736 


9.9672 


9.6064 


0.8936 
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TABLE II. Logariiliniic Sines and TawjcnU. 
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23' 1 




Sin. 


Cos. 


CMlg. 


CoUng. 


Sin. 


Cos. 


Taog. 1 Cotang. 


ly 


9.5736 


.9672 


,6064 


0.8936 


9.6919 


.9640 


9,6279| 0.872l| 


60^ 


1 


9.6739 


.9671 


.6068 


0.8982 


9.5922 


.9640 


0. 


6282 0.3718 


50 


2 


9,5742 


.9671 


.6071 


0,3929 


9.5926 




9 


6286 0.8714| 


58 


3 


9.5745 


.9670 


.6076 


0.8926 






6 


6289 


0.3711 


67 


4 


9.5748 


,9670 


,6079 


0.3921 


916981 


.9688 


6 


6293 


0.8707 


56 


6 


9.5751 , 


.9669 


.6082 


0,3918 


9.6934 


.9688 


9 


6296 


0.3704 


65 


6 


9.5754 


.9669 


.6086 


0.3914 


9.5687 


.9637 


9 


6300 


0.3700 


64 


7 


9.6768 


.9868 


.6090 


0.3910 


9.5640 


.6687 


9 


6803 


0.8697 


58 


8 


9.5761 


.9668 


.6098 


0.3907 


6.5943 


.9636 


9 


6307 


0.3698 


52 


9 


9.6764 


.9667 


.6097 


0.8903 


9.5945 


,9685 


9 


6810 


0,3690 


51 


10 


9.5757 


,9667 


.6100 


0.3900 


9.5948 


;9636 


9 


6314 




50 


11 


9.6770 


.9666 


.0104 


0,3896 


9.6651 


9,9634 


9 


6817 


0.3683 


49 


12 


9.5773 


.9866 


.6108 


0.8892 


9,5964 


&.9684 


9 


6321 


0.3676 


48 


Ifi 


9.5J76 


.9665 


.6111 


0.8889 


9.6957 


B.9638 


9 


6824 


0.8676 


47 


14 


9.6779 


,9664 


9.3116 


0.3886 


9.5960 


B.963B 


9 


6328 


0.8672 


46 


15 


9.5782 


J.9664 


B.6118 


0.8882 


9,6963 


9.9632 


9 


6881 


0.3669 


46 


le 


9.6785 


9.9668 


B.8122 


0.3878 


9,5966 


9,9632 


9 


6884 


0.8666 


44 


17 


9.5789 


9.9663 


9.6126 


0,8874 


9,6969 


9,9681 


9 




0.8662 


43 


18 


9.6792 


9,9662 


9.6129 


0.3871 


9.5972 


9.9631 


9 


6841 


0.8659 


42 


19 


9.5795 


9.9662 


9.6133 


0.3867 ■ 


9.6975 


9.9680 


9 


6845 


0.3B55 


41 


20 


9.6798 


9.9661 


9.6136 


0.3864 


9,5978 


9.9629 




6348 


0.8652 


40 


21 


9.5801 


9.9661 


9.6140 


0,3860 


9,6981 


9.9629 


9 


6352 


0.3648 


39 


32 


9.5804 


9.9660 


9.6144 


0.8866 


9.5984 


9.9628 




6855 


0.3645 


88 


23 


9.6807 


9.9660 


9,6147 


0.3853 


9.5987 


9.9628 


9 


6869 


0.8641 


37 


24 


9.5810 


9,9669 


9,6161 


0.8849 


9,6990 


9.9627 


9 


6362 


0.3638 


86 


•ih 


9.6813 


9.8659 


9,6164 


0.3846 


9.5992 


9,9627 





6366 


0.8684 


86 


26 


9.5816 


9.9668 


9.6158 


0.8842 


9.5966 


9.9626 


6 


6369 


0.3631 


34 


27 


9.5819 


9.9658 


9.6162 


0.3888 


9,5B98 


9,9626 





6878 


0.8627 


88 






9.9657 


9.6165 


0.3885 


9,6001 


9,9625 


9 


6876 


0.8624 


82 




916825 


9,9667 


9,6165 


0.3831 


6.6004 


9,0625 


9 


6380 




31 


30 


9.6828 


9.9656 


9.6172 




9.6007 


9.6624 


9 




0.8617 


80 


31 


9.6831 


9.9656 


9.6176 


0.3824 


9.6010 


9.9628 


9 


6386 


0,3614 


20 


82 


9.6SS4 


9.9655 


9.6179 


0.8821 


9.6018 


9.9623 


6 


6890 


0.86)0 


28 


33 


9.6838 


9.9656 


9,6183 


0.3817 


9,6016 






6398 


0.3607 


27 


84 


9.6841 


9.9654 


9.6187 


0,3818 


6.6019 


9.6622 


6 


6897 


0.8608 


26 


86 


9.5844 


9.9664 


9.6190 


0.3810 


6.6021 


9.0621 




6400 


0.8600 


25 




9.5847 


9.9658 


9.6194 


0,8806 


9.6024 


9.9621 


9 


6404 


0.3596 


24 


37 


9.5850 


9,9652 


9.6197 


0.8808 


9.6027 


9.9020 


9 


6407 


0.3603 


23 


38 


9.5863 




9.6201 


0.3799 


9.6030 


9.9630 


9 


6411 


0.3589 


22 


39 


9,5856 


9.9661 


9.6204 


0.8796 


9.6083 


9.9619 


9 


6414 


0.3680 


21 


40 


9.6869 


9,9651 


9.6208 


0.3792 


9,6036 


9.9618 


9 


6417 


0.3583 


20 


41 


9.6862 


9.9660 


9.6211 


0.8789 


9.6089 


9.6618 


9 


6421 


0.8579 


19 


m 


9.5866 


9.6650 


9,6215 


0,3785 


9.6042 


9.9617 


9 


6424 


0.8576 


18 


48 


9,5888 


9.9649 


9.6219 


0.3781 


9.6045 


6.9617 


9 


6428 


0.3572 


17 


44 


9.5871 


9.9649 


9.6222 


0,8778 


9.6047 


9.9616 




6431 


0.8569 


16 


46 


9.5874 


9,9648 


9.6226 


0.8774 


9.6050 


9.9616 




6435 


0.8565 


15 


46 


9,6677 


9.9648 


9.6229 


0,8771 


9,6068 


9.9615 


g 


6438 


0.8662 


14 


47 


9,5880 


9.9647 


8.623S 


0,8767 


9.6056 


9,9616 




6441 


0.8559 


13 


48 


9.6883 


9.9647 


9.628€ 


0.8764 


9,6059 


9.661J 




6445 


0.3655 


12 


49 


9.5880 


9,9646 


9.6241] 


0.3760 


9.6062 


9.9613 


S 


6448 


0.B552 


11 


60 


9.5889 


9.6646 


9.624S 


0.8767 


9.6066 


6.9613 


S 


6452 


0.3548 


10 


61 


9.5802 


9.9645 


9.624 


0.B758 


9.6068 


6.961^ 


e 


6455 


0,8645 


9 


62 


9.5806 


9.9645 


9.625C 


0.8750 


9.6070 


0.061! 


s 


6456 


0.8541 


8 


58 


9,6898 


9.9644 


9.625 


0.3746 


9.6073 


9.961 


9 


6462 


0.8538 


7 


54 


a.6H01 


9.9643 


9.626 


0,8748 


9.6076 


9.961 


a 


6466 


0.3636 


6 


65 


9.590a 


0.9643 


9.626 


0,3739 


9.6079 


9.961C 


{ 


646S 


0.3581 


6 


56 


9.6907 


9,6642 


9.626 


0.3736 


9.6082 


9.961 


6 


.6472 


0.3528 


4 


67 


9.5910 


9.9642 


9.626 


0.3782 


9.6085 


9.960 


" 


.6476 


0.8524 


8 


58 


9.5918 


9.9641 


9.627 


0.8729 


9,6087 


9,060 




.647 


0.3531 


2 


69 


9.5816 


9,9641 


9,627 


0.3725 


9,6090 


6.060 




.648 


0.3618 


1 


60 


9.6919 


9.9640 


9,627 


0.8721 


9.6093 


0.900 




.64861 0.8514 
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TABLE II. Logarithmic 


Sin 
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s. 


IL 




»*- II 
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Sin. 


Coa. 
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Cm, 


Tu.g. 


Coteng, 


0' 


9.6098 


9.9607 


9.6486 


0.3514 II 9 


6259 


9.9578 


9.6687 


0,3313 


"w" 


1 


9.609Q 


9.9607 




6489 





3511 9 


6262 


9.9572 


9,6690 


0.8810 






9.6099 


9.9606 


9 


649S 





8507 9 


6265 


9-0572 


9.6693 


0,3307 


58 




9.6102 


9.9006 


9 


6496 





8501 9 


6268 


9.9671 


9.6697 


0.8808 


57 


i 


9.6104 


9.9605 


9 


6499 





8501 9 


6270 


9.0670 


9.6700 


0.8300 


66 


5 


9.6107 


9.9604 


9 


6503 





3497 9 


6273 


9.9570 


9.6708 


0.3297 


65 


6 


9.6110 


9.9604 


9 


6506 





3404 9 


6276 


9.9669 


9.6706 


0.8294 


54 


7 


9.6113 


9.9603 


9 


6509 





8491 9 


6278 


9.9669 


9.6710 


0.8200 


58 




9.6116 


9.9603 


9 


6518 





3487 9 


6281 


9.9668 


9.671B 


0.8287 


62 


9 


9.6119 


9.9602 


9 


6516 





3484 9 


6284 


9.9667 


9.6716 


0.8384 


51 


10 


9.6121 


0.9602 




6520 





3480 9 


6286 


0.0667 


9.6720 


0.3280 


60 


11 


9.6124 


9.9601 




6528 





3477 9 


6289 


9.9666 


9.6723 


8277 


49 


12 


9.6127 


9.9601 


9 


5627 





3473 9 


6292 


9.9666 


0.6726 


0.8374 


48 


18 


9.6130 


9.9600 









8470 9 


6296 


9.9565 


9.6729 


0.327i 


47 


14 


9.6183 


9.9599 


9 


5638 





8467 9 


6297 


9,9561 


9.6783 


0.8267 


46 


16 


9.G185 


9.9599 


9 


6537 





3463 9 


6300 


9.9564 


9.6736 


0.3264 


16 


16 


9.6188 


9.9698 


9 


6540 





8460 9 




9.9S6S 


9.6739 


0.3261 


14 


17 


9.6141 


9.95S8 




6543 





3457 9 


630f 


9.9668 


9.6748 


0.3257 


18 


18 


9.6144 


9.9697 


9 


6647 





8468 9 




9.9562 


9.6746 


0.3264 


43 


19 


9,6147 


9.9507 


9 


6550 





3450 9 


6311 


9.9561 


9.6749 


0.8261 


41 


20 


9.6149 


9.9596 


9 


6558 





8447 9 


6818 


9.9561 


9.6752 


0.3248 


40 


21 


9.6152 


0.9596 


9 


6567 





3443 9 


6816 


9.9560 


9.6766 


0.8214 


39. 


22 


9.6155 


9.9595 


9 


6560 





3440 


6319 


9.9560 


9.6759 


0,8241 




28 


9.6158 


9.9594 


9 


6564 





3486 9 


6821 


9.9659 


9.6762 


0,3238 


37 


24 


9.6161 


9.9594 


9 


6567 





3433 9 


6324 


9.9558 


9.6766 






26 


S.8163 


9.9593 





6570 





8430 9 


6827 


9.9658 


0.6760 


0.3231 


36 


26 


9.6166 


9.9598 


9 


6574 





3426 9 


6329 


9.9667 


9.6772 


0.8228 


84 


27 


9.6169 


9,9592 


9 


6677 





8423 9 




9.9557 


9.6776 


0.8225 




28 


9.0172 


9.9591 


9 


6580 





3120 


6336 


9.9556 


9.6778 


0,3222 






9.6174 


9.9591 


9 


6584 





8416 9 


6337 


9,9666 


9.6782 


0.8218 


31 


80 


9.6177 


9.9590 





6587 





3113 9 


6310 


9.9655 


9.6785 


0.3215 


80 


81 


9.6180 


9.9590 




6590 





3410 9 


6842 


9.9554 


9.6788 


0.3212 


29 


82 


.9.6183 


9.9689 


9 


6594 





3406 9 




9.9554 


9.67S1 


0.3209 


28 


88 


9.6186 


9.958( 


9 


6597 





3103 9 


6848 


9.9553 


9,6795 


0.3206 


27 


84 


9.6188 




9 


6600 





3400 9 


6360 


0.0652 


9,6798 


. 0,3202 


26 


86 


9.G19I 


9!9587 


9 


6604 





3396 9 


6363 


9.9552 


9,680! 


0.8109 


25 




9.6194 


9.9687 


9 


6607 





3393 9 


6356 


0.9551 


9'.6804 


0.3196 


24 


87 


9.6197 


9.9586 


! 


6610 





3890 9 


6368 


9.9561 


9.6808 


0.8192 


23 


38 


9.6199 


9.9586 




6614 







6861 


0.9560 


9,6811 


0.8189 


22 


89 


9.6202 


9.9585 


9 


6617 







6364 


9.9649 


9.6814 


0.3186 


21 


40 


9.6205 


9.9584 


9 


6620 





8380 9 


6366 


9.9549 


9.6817 


0.S18B 


20 


41 


9.6208 


9.9584 


9 


6624 





3376 9 


6369 


9,9548 


9.683: 


0.3179 


19 


42 


9.£210 


9.9583 


9 







3373 9 


6871 


9.9518 




0.8176 


18 


43 


9.6313 


9.9583 


9 


6630 





8870 9 


6374 


9,9547 


9!682: 


0.8173 


17 


44 


9.6216 


9.9682 


9 


6634 





3366 9 


6877 


9.9546 




0.8170 


16 


45 


9.6219 


9.9582 




6687 







6379 


9.9516 


9.6834 


0.8166 


15 


40 


9.6221 


9.9581 


I 


6640 





8860 : 


6382 


9.9645 


9.6837 


0.3168 


14 


47 


0.6224 


9.9580 




6644 







6885 


9.9516 


9.6840 


0.3100 


18 


48 


9.6227 


0.9580 




6647 





8853 ! 


6387 


9.9614 


9,6813 


0.8167 


12 




9.6280 


9.9679 




6650 





3360 9 




9.9543 


9.6846 


0,3164 


11 


60 


9.6232 


9.9579 


9 


6654 





8846 9 




9.0618 


9.6860 


0.8160 


10 


61 


g.62SG 


9.957E 


9 


6657 





8843 e 


6895 


9.9642 




0,3147 


9 


62 


9.6238 


9.9577 


: 


6660 





8S40 9 


6398 


9.9512 




0.8144 


8 


63 


9.6210 


9.0577 




6664 





3686 9 


6100 


9,9611 




0.3145 


7 


54 


B.6248 


9.957fl 


! 


6667 





8833 9 


8403 


9.9510 


9!6ae3 


0.8137 


6 


65 


9.6243 


9.957fl 


B 


6670 





8880 8 


6106 


9.9540 


9.6666 


0.3134 


6 


66 


9.6249 


0.957E 


9 


6674 





8826 9 


6408 


9.9530 


9.6S69 


0.3181 


4 


57 


9.6251 


9.957i 


9 


6677 







6111 


9,9538 


9!6872 


0.3128 




58 


9.6254 


9.9W 


i 


6630 





8320 9 


6418 


9.9688 


9.6875 


0.3125 


2 


59 


9.6257 


9.957 


8 


6688 





8817 9 


6416 


9.9537 


9.6879 


0.3131 


I 1 


60 


0.62591 9.957 


a 


6687 





3313 9 


6418 


9.9637 


9.6882 


0.3118 





■ 


Co:*. 1 Sin. 


0>t«ig, 


T..S, II 


C^T" 


Sin. 


CoMiin. 


T^g, 






65" II 


«*" fInMwIh. 


Co 





T 


ABLE 


II. Logarithmic 


Sin 


es 


rtnd 


Tanr/en 


s. 






»6= ll 


aj= 








Cos. 


'i'-"B- 


CoUrag. 1 


a. 


c™. 


TsDg. 


OotanR. 


~w 


9 6418 


9.9587 




0.8118 9 


6570 


9 9499 


9,7072 


0,2928 


60' 




9 6421 


9.9586 


9!6885 


0.3115 9 


6673 


9 


9498 


9.7075 


0,2925 


69 




9 6424 


9.9635 




0.3112 9 


6575 


9 


9497 


9.7078 


0.2922 


68 




9 0426 


9.9585 


9!6891 


0.3109 9 


6578 




94S7 


9.708! 


0.2919 


57 


i 


9 6429 


9.9534 


9.6895 


0.8105 9 


6580 


9 


9496 


9.7084 


0.2916 


66 


5 


9 6431 


9.9534 




0.3102 9 


6583 




9406 


9.7087 


0,2913 


65 


6 


^6434 


9.9633 


9.6901 


0.8099 9 


6586 




9495 


9.7090 


0.2910 


54 


7 


9 0437 


9.9682 


9.6904 


0.3096 9 






9494 


9.7093 


0,2907 


53 


8 


9 6489 


9.9532 


9.6907 


0.8098 9 


659( 




9494 


9.7097 


0.2908 


62 




9 6442 


9.9581 


9.0911 


0,3089 9 


6593 


9 


9493 


9.7100 


0.2900 


51 


10 


9b444 


9.9530 


9.6914 


0.3086 9 


66B5 


9 


0492 


9.7103 


0.2897 


60 


11 


9 6447 


9.9530 


9.6917 


0.3083 9 


6598 


9 


9492 


9.7106 


0,2894 


49 


12 


9 6449 


9.9629 


9.6920 


0.3080 9 


6600 


9 


9491 


9.7109 


0.2891 


48 


13 


9 0452 


9.9629 




0.3077 9 


6603 


9 


9190 


9.7112 


0.2888 


47 




9 6454 


9,9528 


9.6927 


0.8078 9 


eao5 


9 


9400 


9.7116 


0.28B6 




16 


9 6467 


9.9527 


9.6930 


0.8070 9 


6607 


9 


9489 


9.7118 




45 


16 


9 6460 


9.9527 


9.6933 


0.3067 9 


6610 


9 


9488 


9.7121 


0.2879 


14 


17 


9 6462 


9.9626 


9.6936 


0.3064 9 


0612 


9 


9488 


0.7125 


0.2875 


43 


18 


9 6465 


9.9525 


9.6939 


0.3061 9 


6615 


9 


9487 


9.7128 


0,2872 


42 


19 


9 6467 


9.9526 


9.6942 


0,8058 9 


6617 


9 


9486 


9.7131 


0.2869 


41 


20 


9 6470 


9.9524 


9.6946 


0.3064 9 




9 


9486 


9.7184 


0.2866 


40 


21 


9 6472 


9.9624 


9.694S 


0.3051 9 


652: 


9 


9185 


9.7137 


0.2863 


89 


22 


'i6475 


9.9528 


9.6962 


0.3048 9 






9485 


9.7140 


0.2860 




28 


9 64i7 




9.6955 


0.8045 9 


6627 


9 


9484 


9,7148 


0.2867 


37 


24 


9t.480 


9.9522 


9.6968 


0.3042 i 


6629 




9483 


9,7116 


0.2854 


86 


26 


9 648S 


S.9621 


9.6962 




6632 


9 


9483 


9.7149 


0.2851 


35 


29 


9 6486 


9,9520 


9.6965 


0.8035 9 


6634 


9 


9182 


9,7162 


0.2848 


84 


27 


9 6488 


9.9520 


9.6968 


0.3032 9 


6637 




9481 


9.7156 


0.2844 




28 


9 6490 


9.9519 


9.6971 


0.8029 9 


6639 


9 


9181 


9,7159 


0.2841 


32 


29 


9 6498 


9.9519 


9.6974 


0.3029 9 


6642 


9 


9480 


e.TlOL 


2888 


31 


30 


9 64% 


9.9618 


9.697 


0.8023 9 


6644 




9179 


9.7165 


2835 


80 


81 


9 6498 


9.9617 


9.698 


0.8019 9 


6646 




9478 


9.7168 




29 


32 


9(500 


9.9617 


9.698 


0.3019 9 


664B 


9 


9178 


9.7171 


2829 


28 




9 6503 


9.9516 


9.698 


0.8013 9 


6651 


9 


9477 


9.7174 


2826 


27 


81 


'>6505 


9.9515 


9.699 


0,3010 9 


6664 


9 


9477 


9.7177 


2823 


26 


85 


9b508 


9.9516 


9.699 


0.3007 9 


6666 


9 


9476 


9.7180 


2820 


25 


86 


9 6610 


9.9514 


9.699 


0.8004 9 


666S 


9 


9475 


9.7188 


2817 


24 


87 


9 6513 


9.9618 


9.699 


0.3001 B 


666 


9 


9476 


9.7186 


0.2814 


28 


88 


9 6615 


9.9513 


9.700. 


0.2997 9 


666 


9 


9171 


9.7189 


0.2811 


22 


39 


9 0518 


9.9512 


9.700 


0.2991 9 


666 


9 


9478 


9.7192 


0,2808 


21 


40 


9 6621 


9.9612 


9.700 


0.2991 8 


666f 


9 


9473 


9.7196 


0.2801 


20 


41 




9.961! 


9.701 


0.2988 S 


667 


9 


9472 


9.7199 


0.280! 


19 


42 


9 6626 


9.9510 


9.701 


0.2985 '■ 


667 




9471 


9.7202 


0.2798 


18 


43 


9 6528 


9,9610 


9.701 




667 


9 


9471 


9.7206 


0.2795 


17 


44 


9 6681 


9.9509 


9.702 


o'.ms ■ 


667 


9 


9170 


9.7208 


0.2792 


16 


45 


9 6633 


9.9608 


9.702 


0.2976 S 


668 




9469 


9.7211 


0.2789 


15 


46 


9 6536 


9.9-508 


9.702 


0.2972 S 


668i 




9469 


9.7214 


0.2786 


14 


47 


9 6088 


9.9607 


9.703 


0.2969 S 


668E 


! 


9468 


9.7217 


0.2783 


13 


48 


9 1)541 


9.9507 


9.703 


0.2966 


.668 




9467 


9.7220 


0.2780 


12 


4<t 


9 6543 


9.9606 


9.708 


0.2968 






9467 


9.7223 


0.2777 


11 


60 


9 6540 


9.9505 


9.7041 


0,2960 


.669 




9166 


9.7226 


0.2774 


10 


61 


9 6548 


9.960E 


9.704 


0.2957 1 E 


.669 


! 


9465 


9.7229 


0.2771 


9 




9 6j51 


9.9504 


9.701 


0.2953 


669 




9465 


9.7232 


0.2768 


8 


63 


9 6558 


9.9503 


9.706 


0.2950 




9 


9404 


9.7285 


0.2765 


7 


64 


9 6556 


9.950 


9.706 


0.2947 


.670* 




9463 


9.7238 


0.2762 


6 


56 


9 6f58 


9.950 


9.706 


0.2941 


.67W 


9 


9463 


9.7241 


0.2769 


6 


66 


9 0561 


9.950 


9.705 


0.2941 £ 


670- 


9 


9462 


9.7245 


0.2755 


4 


67 


9 6663 


9.960 


9.706 


0.2988 '^ 


.670^ 


9 


9461 


9.7248 


0.2762 


8 


58 


9 6666 


9.950 


9.706 




671 


9 


9461 


9.7251 


0.2719 


2 


51 


9 6568 


9.949 


9.706 


o!2931 


671 




9460 


9.7254 


0.2746 


1 


60 


9 6570 


9.949a 


9.707 


0.2928 9 


671 


9 


9469 


9,7257 


0.2743 







Cns. 


Sin. 


CoUig 


Tang. 


coT" 


an. 


cot^. 


Tans, 




63" J 


63° 


















lloMf 


) 1,,. »^. 
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TABL13 11. Tjoga.TiikmiG Sines and Tangents. 



9.6718 ! 

9.6718 1 

9.6721 1 

9.6723 ! 



9.6785 
9.6737 
9.6740 
S,6742 
9.6744 
9.6747 
6.6749 
0.6752 
9.6754 
9.6756 
9.6769 
9.6761 



9.9465 
9,9455 
9.9454 
9.9453 
9.9453 
9.9452 
9.9451 
9.9451 
9.9450 
9Mi9 
S,S449 
9.0448 
9.9147 
9.9447 
9.9446 
9.9445 
9.9444 
9.9444 
9.9448 
9.9442 
9.9442 
9.9441 
9.9440 
9.9440 



9.7257 
I 9,7260 
( 9.7263 
9.7268 
9.7269 
9.7271 
9.7275 
fi.727S 
9.7281 
9.7284 
9.7287 
9.7290 



9.9420 
9.9419 
9.9418 



1.7296 



9.7303 ( 

9.7308 ( 

9.7811 ( 

9.7314 ( 

0.7817 < 

9.7.120 ( 

9.7824 < 

9.7327 < 

9.7830 ( 



S.7342 ( 
9.7846 ( 
e.7348 < 



0,2743 
0.2740 
0.2737 
0.2734 
0.2781 
0.2728 
0.2725 
0.2722 
0.2719 
0.2716 
0.2718 
0.2710 
0.2707 
0.2704 
0.2701 
0.2698 
0.2695 
I 0.2692 



i 9.7366 
\ 9.7869 

9.7372 
J 9.7S75 
1 9.7878 

9.7381 



■ 0.2643 
) 0.2640 
! 0.2687 
0.2634 
0,2631 
0.2628 
0.2625 



9.9429 f 
. 0.9420 { 
9.9428 ! 
9.9427 ! 
9.9427 
9,9426 
9.9425 
9.9424 
9.9424 
) 9.942S 
9,9422 



.7402 
9,7405 
9.7408 
9.7411 
9.7414 
9.7417 
9.7420 
9.7428 
9.7426 
9.7429 
9.7432 
9,7435 
9.7438 



0.2810 
0.2607 
0.2694 
0.2601 
0,2598 
0.2695 



0.2680 
0,2S77 
0.2674 
0.2571 
0.2568 
0.2565 
0.2562 



9.9417 

9.9417 
1 9.9416 
; 9.9415 

9.9415 
I 9.9414 

9.9413 
t 9.9418 

9.9412 

9.9411 
. 0.9410 
! 9.9410 
■} 9.0409 
' 9.9408 
) 9.9409 
! 9.9407 

9.9406 
1 9.9406 

9.9405 



9.9402 

9.9401 

i 9.9401 

9.9400 



9.7440 
9.7443 
9.7446 
9.7449 
9.7452 
9,7455 
9.7158 
9.7461 
9.7464 
9.7167 
9.7470 
9,7478 

9!747S 

9.7482 

9,7485 

9.7488 

9.7491 

9.7494 I 

9.7497 ( 

0.7.500 ( 

0.7503 ( 

9.7506 ( 

9.7509 ( 

0.7512 ( 

9.7615 < 

9.7518 

9.7621 

0.7523 

9.7626 

9.7529 

I 9.7632 

9.7585 

I 9.7538 

1 9.7541 

9.7544 

9.7547 

9,7550 

. 9.7558 

9.7556 

9,7559 

I 9.7662 

I 9.7566 

9.7568 

9.7571 

9.7573 

' 9.7576 

9.7579 

I 9.7582 

I 9.7586 

1 9,7688 

. 9.7591 

I 9,7594 



0.2557 t 

0,2554 I 

0.2551 i 

0.2648 f 

0.2545 £ 

0.2542 f 

0.2639 i 

0.2586 £ 

0.2533 £ 
0.26 

0.2527 ( 

0.2524 4 

0.2621 '. 

0.2518 i 

0.2615 '. 

0.2612 4 
0.25 



0.2470 f 

0.2477 i 

0.2474 't 

0.2471 S 



0,2453 1 

0.2460 ^ 

0,2447 ; 

0,2444 '. 

0.2441 : 
0,24 
0.24 

0,2132 1 

0.2129 1 

0.2427 : 

0.2424 ; 

0.2121 '. 

0.2418 1 

0,2416 1 

0.2112 

0.2409 

0.2406 

■ 0.24 



I 0.2391 

I 0,2391 

. 0.2389 

■ 0.2386 






;;t^oglc 



TABLE II. Logo,riikm 



9.7001 
9.T003 
S.7005 
9.7007 
9,7009 
9.7012 1 
9.7014 ! 
9.7016 ! 
9.7018 1 



9.T027 ! 

9.7029 E 

9.7081 ! 

9.7035 t 

9.7087 S 

9.7040 i 

9.7042 ! 

1.7044 ( 

9.7046 i 

9.7048 ( 

9.7060 i 

9.7053 ) 

9.7056 1 

9.7057 1 
9.7059 i 
9.7001 1 



9.7070 ! 

9.7072 i 

9.7074 ( 

9.7076 S 

9.7078 ( 

9.7080 i 

9.7682 E 

9.7086 1 



9.7097 S 

9.7099 1 

9.7102 1 

9.7104 1 

9.7106 ! 

9.7108 I 

9.7110 i 

9.7112 i 

9.7114 i 

9.7116 ! 

9.7118 ! 



9.9875 
9.9875 
9.9374 
9.9878 
9.9372 
9.9872 
9.9371 
9.9370 



9.7614 
9.761 
9.7620 
9.7623 
9.7626 
9.7629 
9.7632 
9,7685 
9.7688 
9.7941 
9.7644 
9.7646 



0.2886 
0.2883 
0.2380 
0.2877 
0.2374 
0.2371 
0,2398 
0.2885 



0.2859 



0.2348 
0.2345 
0.2342 



9.7675 
9.7978 
9.7981 
9.7S84 
9.7687 



9.7707 
9.7710 
9.7718 
9.7716 
9.7719 



9.7736 

9.7739 

I 9.7742 

9.7745 

9.7748 

) 9.7750 

9.775S 

t 9.7756 

i 9.7759 

f 9.7762 

9.7765 

9.7768 



0.2880 
0.2327 
0.2825 

o!2319 
0.2816 
0.2313 
0.2310 
0.2807 
0.2304 
0.2801 
0.2299 
0.2296 
0.2298 
0.22 
0.22 
0.2284 
0.2281 
0.2278 
0.2276 
0.2278 
0.2270 
! 0.226T 
0.2264 
0.2261 
0.2258 
0.2255 
0.2262 
0.2250 
0.2247 
0.2244 
0.2241 
0,2288 
0.2236 



i 0.2227 

I 0.2224 

) 0.2221 

i 0.2218 



9.71 IS 

9.7120 

9.7123 

9.7125 

9.7127 

9.7129 

9.7131 

9.7133 

9.7185 

9.7137 

9.7139 

9.7141 

9.7144 

9.7146 

9.7148 

9.7150 

9.7152 

9.7164 

9.7166 

9.7158 

9.7160 

9.7162 

9.7164 

9.7166 

9.7168 

9.7171 

9.7178 

9,7176 

9.7177 ! 

9.7179 f 

9.7181 { 

9.7188 i 
9.7185 { 
9.7187 E 

9.7189 E 
9.7191 E 

9.7198 t 
9.7106 E 
9.7197 E 

9.7199 t 
.9.7201 E 
9.7203 
9.7205 
9.7208 
9.7210 
9.7212 
9.7214 
9.7216 



9,9312 
9.9311 
9.9310 



\ 9.7796 
t 9.7799 
' 9.7802 
9.7806 
9.7808 
9.7811 
9.7818 
9.7816 
9.7819 
9.7822 



9.7839 
9.7842 
9.7845 
9.7848 
9.7860 
9.7853 
9.7856 
9.7859 
9.7862 
9.7865 
9.7868 
9.7870 
9.7873 
9.7876 
9.7879 



9.9298 
9.9298 
9.9297 



9.7228 E 

9.7280 E 

9.7232 E 

9.7234 E 



9.7902 
9.7904 
9.7907 
9.7910 
9.7913 
9.7916 
9.7918 
9.7921 
9.7924 
9.7927 



i 9.7941 
9.7944 
' 9.7917 
' 9.7949 
1 9.7952 
\ 9.7966 
9.7958 



Cotang. 
0.2212 1 

0.2209 f 

0.2207 f 

0.2204 [ 

0.2201 t 

0.2198 J 

0.2196 { 

0.2192 [ 

0.2189 f 

0.2187 f 

0.2184 £ 

0.2181 i 

0.2178 4 

0.2175 i 

0.2172 A 

0.2169 i 

0.2167 i 

0.2164 A 

0.216] i 

0.2158 A 

0.2155 i 

0.2152 i 

0.2150 i 

0.2147 i 

0.2144 I 

0.2141 i 

0.2138 i 

0.2185 ( 

0.2132 '< 

0.2130 J 

0.2127 S 

0.2124 S 

0.2121 2 

0.2118 i 

0.2116 S 

0.2118 i 

0.2110 i 

0.2107 i 

0.2104 2 

0.2101 i 



0.2093 1 

0.2090 1 

0.2087 1 

0.2084 1 

0.2082 1 

0.2079 J 

0.2076 1 

0.2073 ] 

0.2070 1 

0.2067 

0.2065 

0.2062 

0.2059 

0.2056 

0.2053 

0.2051 

0.2048 

0.2045 

0.2042 



TCoo^lc 





TABLE II 


Zoffari/hmic S-/n 


is and Taiigen 


s. 


23 




3»' . . II 


33" i 


'W 




Cm. 


Tang. 


<Mi.r.t. 




Cos. 


TBBg. 


Cotang. 


0' 


9.7243 


9.9284 


9.7958 


0.2042 


9.7361 


9.92S6 


9.8125 


01876 


1 


9,7244 


9.9283 


9. 


7961 




9.7363 


9.9235 


9.S128 


01S7i 


69 


2 


9.7246 


9.9288 


9 


7964 


o!2036 


9.7866 


9.9284 


9.8181 


01369 


58 


8 


9.7248 


9.9282 


9 


7966 


0.2084 


9.7367 


9.9238 


9.8133 


01867 


57 


i 


9.7250 


9.9281 


9 


7969 


0.2031 


0.7869 


9.9283 


9.8186 


01864 


66 


5 


9.7252 


9.9280 


9 


7972 


0.2028 


9.7371 


9.9232 


9.8189 


01861 


55 


6 


9.7264 


9.9279 


9 


7976 


0.2025 




9.9231 


9.8142 


01858 


54 


7 


9.7256 


9.9279 


9 


7978 


0.2022 


9'.7876 


9.9230 


9.8145 


0I85E 


68 


8 


9.7268 


9.9278 


9 


7980 


0.2020 


9.7877 




9.8147 


01853 


62 




9.7260 


9.9277 


9 


7988 


0.2017 


9.7879 




9.8150 


01850 


61 


10 


9.7283 


9.9276 


9 


7986 


0.2014 


9.7880 


9.9228 


9.8153 


01847 


60 


11 


9.7264 


9.9275 


9 


7989 


0.2011 


9.7882 


9.9227 


9.8156 


01844 


49 


12 


9.7266 


9.9275 


9 


7992 


0.2008 


9.7384 


9.9226 


9.8158 


01842 


48 


13 


9.7268 


9.9274 




■994 


0.2006 


9.738i 


9.9225 


9.8161 


018i9 


47 






9.a278 


8 




0.2003 




0.9224 


9.8164 


1886 


46 


15 


9>272 


9.9272 




8000 


0.2000 


9!739( 


9.9224 


9.8167 


018S8 


45 


16 


9.7274 


9.9272 


9 


8008 


0.1997 


9.7892 


9.9223 


9.8169 


18"1 


44 


17 


9.7276 


9.927] 




8006 


0.1994 


9.7394 


9.9222 


9.8172 


018.8 


43 


18 


9.7278 


9.9270 


9 


8008 


0.1992 


9.7396 


9.9221 


9.8176 


01825 


42 


19 


9.7280 




9 


80H 


0.1989 


9.7398 


9.9220 


9.8178 


1822 


41 


20 


9.7282 


9!9268 


9 


8014 


0.1986 


9.7400 


9.9219 


9.8180 


0182U 


40 


21 


9.7284 


9.9268 


9 


8017 


0.1988 


9.7402 




9.8183 


01817 


39 




9.7286 


9.9267 


9 


8020 


0.1980 


9.740^ 


9!9218 


9.8186 


01bl4 


38 


23 


9.7288 


9.9266 


9 


8022 


0.1978 


9.740b 


9.9217 


9.8189 


01811 


37 


24 


9.7290 


9.92S5 




H025 


0.1976 


9.7407 


9.9216 


9.8191 


01809 


36 


26 


9.7292 


9.9264 


9 




0.1972 


9.740S 


9.9215 


9.8194 


01806 


36 


26 


9.7294 


9.9204 


9 


8031 


0.1969 


9.7451 


9.9214 


9.8197 


01803 


34 


37 


9.7296 


9.9263 




1034 


0.1966 


9.7413 


9.9214 


9.8201 


01800 


38 


28 


9.7298 








0.1964 


9.74ie 


9.9213 




01798 


32 


29 


9.7300 


9!9261 


E 




0.1961 


9.741 


9.9212 


9^8206 


01795 


81 


30 


9.7802 


9.9260 




M42 


0.1958 


9.74ia 


9.9211 


9.8208 


01792 




31 


9.7304 


9.9259 


9 


8046 


0.1955 


9.742 


9.9210 


9.8211 


01789 


29 


82 


9.7806 


9.9259 


9 


8047 


0.1958 


9.742 


9.0209 


9.9218 


01787 


28 


33 


9.7308 


9.9258 


9 


8050 


0.1950 


9.742 


9.9209 


9.8216 


OJ784 


27 


84 


9.7810 


9.9257 


9 


8063 


0.1947 


9.742 


9.9208 


9.8219 


01781 


28 


8G 


9.7812 


9.9266 


9 


8056 


0.1944 


9.742 


9.9207 


9.8222 


01778 


26 


36 


9.7314 


9.9256 


9 


8059 


0.1941 


9.743 


9.9206 


9.8224 


01776 


24 


37 


9.7316 


9.9255 


9 


8061 


0.1989 


9.748 


9.9205 


9.8227 


0177„ 


23 




9.7318 


9.9254 


9 


8064 


0.1936 


9.743 


9.9204 




01770 


22 


89 


9.7320 


9.9263 


9 


8067 


0.1G88 


9.748 


9.9204 


9!823 


01767 


21 


40 


9.7822 


9.9262 


9 


8070 


0.1980 


9.748 


9.9208 


9.8286 


0178e 


20 


41 


9.7324 


9.9251 


9 


8072 


0.1928 


9.744 


9.9202 


9.823 


01762 


19 


42 


9.7826 


9.9251 




8075 


0.1925 


9.744 


9.9201 


9.824 


01759 


18 


43 


9.7328 


9.9260 




8078 


0.1922 


9.744i 


9.92O0 


9.824 


01767 


17 


44 


9.7880 


9.9249 






0.1919 


9.744f 


9.9199 


9.824 


01754 


16 


45 


9.7332 


9.9348 




8084 


0.1916 


9.744 


9.9198 


9.824 


0.1761 


16 


46 


9.7334 


9.9247 


9 


8088 


0.1914 


9.744 


9.9198 


9.825 


0.1748! 14 1. 


47 


9.7886 


9.9247 


9 


8089 


0.1911 


9.745 


9.9197 


9.826 


0.1746 


13 


48 


9.7338 


9.9246 


9 


8092 


0.1908 


9.746 


9.9196 


9.825 


0.1748 


12 


49 


9.7840 


9.934-> 


9 


8096 


0.1905 


9.745 


9.91 9E 


9.826 


0.1740 


11 


50 


9,7342 


9.924i 


9 


8097 


0.1903 


9.715 


9.9194 


9.826 


0.1787 


10 


51 


9.7344 


9.9248 


9 


8100 


0.1900 


9.746 


9.9198 


9.826 


0.I73S 


9 


62 


9.7845 


9:9242 


9 


8108 


0.1897 


9.746 


9.9193 


9.S26 


0.1782 


8 


68 


9.7847 


9.9242 


9 


8108 


0.1894 


9.746 


9.9192 


9.827 


0.J729 


7 


54 


9.7349 


9.9241 


1 


81 OB 


0.1891 


9.746^ 


9.9191 


9.827 


0.1726 


6 


65 


9.7361 


9.9240 




8111 


0.1889 


9.746 


9.9190 


9.827 


0.1724 


6 


66 


9.7368 


9.9239 




8114 


0.1888 


9.746 


9.918fl 


9.827 


0.1721 


4 


57 


9.7855 




9 


8117 


0.1883 


9.747 


9.9188 


9.828 


0.1718 


8 


68 


9.7357 


9.9238 


B 


8120 


0.1880 


9.747 


9.9187 


9.828 


0.1716 


2 


59 


9.7869 


9.9237 


9 


812' 


0.1878 


9.747 


9.9187 


9.828 


0.1711 


I 


60 


9.7861 


9.92S6 


S 


.81251 0.1876 


9.747 


9.91 8« 


9.829( 


0.1710 
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"T 


9.7476 


9.9186i 




0.1710 9 


7686 


9.9134 


9.8482 


0.1648 


60' 


1 


9.7477 




9185 






0.1707 9 


7688 


9.9183 


9.8455 


0.15*5 


59 


2 


9.7479 


9 


9184 


9 


8295 


0.1706 9 


7590 


9.9182 


9.8458 


0.1542 


68 


3 


9.7*81 


9 


9188 


9 


8298 


0.1702 9 


7591 


9.9181 


0.8460 


0.1540 


57 


4 


9.7483 


9 


9182 


9 


8301 


0.169^ 9 


7593 


9.9180 


9.8483 


0,1537 


50 


5 


9.7485 


9 


9181 




8303 


0.1697 9 


7595 


9.9129 


9.8466 


0.1634 


55 


e 


9.7487 


9 


9181 


9 


8306 


0.1694 9 


7697 


9.9128 


9.8468 


0.1632 


54 


7 


9.7489 


9 


9180 


9 


8309 


0.1691 9 


7699 


9.9127 


9.8471 


0.1629 


53 


8 


0.7491 




9179 


9 


8312 


0.1688 9 


7600 


9.9127 


9.847* 


0.1526 


52 


9 


9.7492 




9178 


9 


8314 


0.1686 9 


7602 


9.9126 


9.8476 


0.1524 


51 


10 


9.7494 


9 


9177 


9 


8317 


0.1683 9 


7604 


9.9125 


9.8479 


0.1521 


60 


11 


9.7496 


9 


9176 


9 


8320 


0.1680 9 


7606 


9.912* 


9.8482 


0.1518 


49 


12 


9 7498 


9 


9175 


9 


8328 


0.1677 9 


7607 


9.9123 


9.8484 


0.1516 


48 






9 


9176 


9 


8325 


0.1675 9 


7609 


9.9122 


9.8487 


0.1513 


47 






9 


S174 


9 


8328 


0.1672 9 


7611 


9.9121 


9.8490 


0.1510 


46 






9 


9178 




8331 


0,1669 9 


7613 


9.9120 


9.8493 


0.1507 


46 







9 


B172 


9 




0.1667 9 


7615 


9.9119 


9.8495 


0.1506 


44 






9 


9171 


9 




0.1664 9 


7616 


9.9119 


9.8498 


0.1502 


43 








9170 


9 




0.1961 9 


7618 


9.9118 


9.8501 


0.1499 


42 






S 


9169 


9 


8342 


0.1S58 9 


7620 


9.9117 


9.8508 


0.1497 


*I 








9169 


9 


8844 


0.1656 9 


7622 


9.9116 


9.8606 


0.1494 


40 






g 


9168 


9 


8347 


0.1653 9 


7624 


9.9115 


9.8509 


0.1491 


39 








9187 


9 


8850 


0.1650 9 


7625 


9.9114 


9.8511 


0.1489 


88 








9166 


9 


8352 


0.1648 9 


7627 


9.9113 


9.8514 


0.1486 


37 






8 


9165 


9 


8856 


0.1645 9 


7629 


9.9112 


9.8517 


0.1488 


36 


25 






9164 


9 


8358 


0.1642 9 


7681 


9.9111 


9.8519 


0.1481 


85 






9 


9163 


9 


8361 


0.1689 9 


7682 


9.9110 


9.8622 


0.1478 


8* 






9 


9183 


9 


8863 


0.1037 9 


7634 


9.9110 


9.8525 


0.1475 








9 


9162 


9 


6396 


0.1684 9 


7686 


9.9109 


0.8527 


0.1478 


82 






9 


9161 


9 


8369 


0.1631 9 


7688 


9.9108 


9.8680 


0.1470 


31 






9 


9160 


9 


8871 


0,1629 9 


7640 


9.9107 


9.8633 


0.1467 


30 






9 


9159 




8374 


0.1626 9 


7641 


9.9106 


0.8536 


0.1465 


29 






9 


9158 




8877 


0.1623 9 


7643 


9.9105 


9.8688 


0.1462 








S 


9167 


E 


8379 


0.1621 9 


7646 


9.9104 


9.8641 


0.1*59 


27 








9156 




8882 


0.1618 9 


7647 


9.9103 


9.85*3 


0.1457 






n 




9156 






0.1615 9 


76*9 


9.9102 


9.8646 


0.1454 


26 




42 




9155 


9 




0.1612 9 


7650 


9.9101 


9.65*9 


0.1461 


24 








9164 


9 


8891 


0.1610 9 


7652 


9.9101 


9.8551 


0.1449 


28 






i 


9153 


9 


8393 


0.1607 9 


7664 


9.9100 


9.8554 


0.1446 


22 








9152 


9 


8896 


0.1604 9 


7655 


9.909i 


9.8557 


0.1448 


21 






i 


9151 


9 


8398 


0.1602 9 


7657 




9.8559 


0.1441 


20 






9 


9150 


9 


8401 


0.1699 9 


7069 


9.9097 


9.8662 


0,1438 


19 




58 


9 


9149 


9 


8404 


0.1596 9 


7061 


9.9096 


9.8566 


0.1435 


18 


43 




9 


9149 


9 


8400 


0.1594 9 


7662 


9.9096 


9.8507 


0.1488 


17 


44 




9 


914S 


9 


8409 


0.1591 9 


7664 


9.9094 


9.8570 


0.1430 


16 




659 


9 


9147 




8412 


0.1688 9 


7666 


9.9098 


9.8673 


0.1*27 


15 






9 


9146 


9 


8415 


0.1686 9 


7668 


9.9092 


9.8576 


0.1426 


14 




2 


1 


9145 


9 


8417 


0.1683 9 


7669 


9.9091 


9.8578 


0.1*22 


13 


48 


84 




9144 


9 


8420 


0.1680 9 


7671 


9.9091 


9.8581 


0.1419 


12 




6 




9143 


9 


8428 


0.1677 9 


7678 


9.9090 


9.8688 


0.1417 


11 




8 




9142 


9 


8425 


0.1675 9 


7676 


9.9089 


9.8586 


0.1414 


10 




( 


9 


9142 


9 


8428 


0.1572 9 


7676 


9.9088 




0.1*11 


9 






S 


9141 


9 


8431 


0.1569 9 


7678 


9.9087 


9!859: 


0.1409 


8 




■ 


S 


9140 


9 


8438 


0,1567 9 


7680 


9.9086 


9.8594 


0.1406 


7 






9 


9139 


9 


8*36 


0.1564 9 


7682 


9.908! 


9.8597 


0.1*03 


6 




7 


a 


9188 


9 


8489 


0.1661 9 


7688 




9.8599 


0.1401 


6 




9 


E 


9187 


9 


8442 


0.1558 9 


7686 


9.9088 


9.8602 


0.1898 


* 




80 


s 


.9136 


9 


8444 


0.1556 9 


7687 


9.9082 


9.8605 


0.1395 




68 


2 


s 


9136 


' 


8447 


0.1563 9 


7689 


9.9081 


9.8607 


0.1898 


2 




84 


s 


.9136 




845t 


0.1560 9 


7690 


9.9080 


9.8610 


0.1390 


1 




6 


a 


9134 


i 


8452 


0.1548 9 


7692 


9.9080 


9.8018 


0.1387 
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TABLE II. Logarithmic Sines and Tatiymtg. 





36= 1 


an- 1 




Sin. 


c™. 


Fang. 


Cot«.g. 


an. Cos. 1 Tang. 


Cotong 


0' 


9,7692 


9,9080 


.8618 


0.1387 


9.7795 9,90281 9,8771 


01229 


60- 


1 


9.7694 


9.8079 


.8615 


0.1385 


9,7796 E 


.0023 9. 


B774 


012-( 


S** 




9.7696 


9.9078 


.8618 




9.7798 


.9022 9. 


S776 


01224 


58 


3 


9.7697 


9.9077 


.8621 


0.1379 


0.7800 


.9021 9 


8779 


01221 


67 


4 


9.7699 


9.9076 


.8623 


0.1877 


9.7801 


.9020 9 


8782 


01218 


56 


5 


9.7701 


9.9075 




0.1374 


9.7803 


.9019 9 


8784 


01216 


55 


6 


9.7703 


9.9074 


.8629 


0.1371 


9,7805 


.9018 9 


8787 


01218 


54 




9.7704 


9.9078 


.8631 


0.1369 


9.7806 


.9017 9 


8790 


01210 


5^ 


8 


9.7706 


9.9072 


.8634 


0.1866 


9,7808 


.9016 9 


8702 


01-08 


52 




9.7708 


9.9071 


.8687 


0.1368 


9.7810 


.9015 9 


8705 


01205 


51 


10 


9.7710 


9.9070 




0.1861 


9.7811 


.9014 9 


8797 


01208 


60 


11 


9.77ii 


9.9069 


.8642 


0.1S58 




.9013 





8800 


01^00 


49 


12 


9.7713 


9.9069 


.8644 


0.18D6 


9!7815 


.9012 


9 


8808 


onsi 


48 


13 


9.7715 




.8647 


0.1353 


9.7816 


a. 9011 


9 


8805 


01196 


47 


14 


9.7716 


9!9057 


.8650 


0.1850 


9.7818 


B.9010 


9 


8808 


01192 


46 


15 


9.7718 


9.9066 


.8652 


0.1348 


0.7820 


9.9009 


9 


8811 


01189 


45 


16 


9,7720 


9.9065 


.8065 


0.1845 


9.7821 


D.9008 


9 


8813 


01187 


44 


17 


9.7722 


9.9064 


.8658 


0.1842 


9.7823 


9,9007 


9 


8816 


01184 


48 


18 


9.7723 


9.0063 


9,8660 


0.1840 


9.7825 


9.9006 




8818 


OJlbi 


42 


19 


9.7725 


9.9062 


9.8668 


0.1387 


9.7826 


9,9006 


9 


8821 


1179 


41 




9.7727 


9.9001 


9,8066 


0.1834 


9.7828 


9.9004 




8824 


011-tj 


4« 


21 


9.7T28 


9.9060 




0.1832 


9.7830 


0.9003 






1174 


39 


22 


9.77S0 


9.9059 


9!8671 


0.1829 


9.7881 


9.9002 


9 




01171 




23 


9.7782 


9.S058 


9.8674 


0.1326 


9.7838 


9.9001 


9 


8831 


01169 


37 


24 


9.7784 


9.9057 


9.8676 


0.1324 


9.7835 


9.S0UO 


9 


8834 


01166 


86 


25 


9.7785 


9.9056 


9.8679 


0.1821 


9.7836 


9.9000 


9 


883- 







26 


9.7737 


9.9056 


9.8682 


0.1318 


9.7888 


0.69S9 


9 


8889 







2T 


9.7789 


9.9055 


9.8684 


0.1316 


9.7840 


9.8998 


9 


8841. 







28 


9.7740 


9.9054 


9.8687 


0,1818 


9.7841 


9.8997 


9 


8846 







29 


9.7742 


0.9063 




0.1311 


9.7843 


9.8996 




8847 







30 


9.7744 


9.9052 


9.8692 


0.1308 


9.7844 


9.8996 




8860 








31 


9.7746 


9.9061 


).8695 


0.1306 


9.7846 


9.8994 


! 


8862 







82 


9.7747 


9.9050 




0.1308 


9.7848 


9.8998 













8.7749 


9.9049 


9!8700 


0.1800 


9.7849 













34 


9.7751 


9.9048 


9.8703 


0.1297 


9,7851 


9.8991 


1 









35 


9.7752 


9.9047 


9.8705 


0.1296 


9.7853 


9.8990 




886. 







86 


9.7754 


9.9046 


9.8708 


0.1292 


9.7854 


}.898i 


9 


886 







8T 


9.7756 


9.9045 


9.8711 


0.1289 


9.7856 




9 


886 







38 


9.7758 


9.9044 


9.8713 


0.1287 


9.7858 


i^m 


9 


887 






39 


9.7759 


e.9U4:j 


9.8716 


0.1284 


9,7850 




9 


887 






40 


9.7761 


9.9042 


9.8718 


0.1282 


9.7861 


9.8985 


9 


887 






41 


9.7703 


9.9041 


9.6721 


0.1279 


9.78C8 


9.8934 


9 


887 


0.1121 


19 


42 


9.7764 


9.9041 


9.8724 


0.1276 


9.7864 


9.8983 


9 


888 


0.1119 


18 


48 


9.7766 


9.9040 


9.8T26 


0.1274 


9.7366 


9.8082 


! 


888 


0.1116 


17 


44 


9.7768 


9.9089 


9.8729 


0.1271 


9.7867 


9,898: 






0.1114 


16 


45 


9.7769 


9.9038 


9.8732 


0.1268 


9.7869 




' 




111] 


15 


46 


9.7771 


9.9037 


9.8784 


0.1266 


0.7871 


S.8979 




889 


08 


4 


47 


9.7778 


9!90SO 


9.8737 


0.1263 


9.7872 


9.8978 


' 









48 


9.7774 


9.9035 


9.8740 


0.1260 


9.7874 


9.8977 






08 


2 


49 


9.7776 


9.9034 


9.8742 


0.1258 


9.7876 


9.8976 


■ 









50 


9.7778 


9.9033 


9.8745 


0.1255 


9.7877 


9.8975 


" 


.890 


198 





51 


9.7780 


9.9032 


9.8747 


0.1258 


9.7879 


9.8974 




890 


095 


g 


62 


9.7781 


9.9081 


9.8750 


0.1250 


0.7880 


9,8878 


■ 


.890 


8 


8 


53 


9.7783 


9.9030 


9.8758 


0.1247 


9.7882 


9.8972 


f 


.891 


090 




54 


9.7786 


9.9029 


9,8755 


0.1245 


9.7884 


9.8971 




891 







55 


9.7780 


9.9028 


9,8758 


0.1242 


9.7886 


9.8970 


"■ 


891 


O^y 


5 


66 


9.7788 


9.9027 


9.8761 


0,1239 


0.7887 


9.8969 


i 


.891 


6 


4 


67 


9.7790 


9.9026 


9,8763 


0.1287 


0.7889 




E 


.892 


0.1080 


3 


68 


9,7791 


9.9025 


9.8766 


0.1234 


9.7890 


9.8967 


« 


.892 


0.1077 


2 


59 


9,7798 


9.9024 


9.8769 


0,1231 


9.7892 


9.8966 


t 


892 


0.1075 


1 


60 


9,7795 


9,9023 


9.8771 


0.1229 


9.7893 


9.8965 






0.1072 







Cos. 


Sin. 


CntaUB, 


t«„e. 


Coi 


Sin. 


Cotane 


t^g. 


^0( 


53= 


-" ,„.,..„.(, 



i 


TAELE II. Logariihinic Sin 


^ and 


TavgenU. 






38" II 


38° 




Sin. 


<^. 


■l 


"S- 


Coteng. 


n. 


Cos, 


Ta>«. 


Colsnu. 


^F 


9.7893 


9 8965 


9 


8928 


0.1072 9 


7989 


9.8905 


9.9084 






1 


9.7895 


9 


8964 


9 


8981 


0.1069 9 


7990 


6.8904 


9.9086 








9.7897 


9 


8963 


9 


8933 


0,1067 9 


7992 


9.8903 


9.9089 






s 


9,7898 


9 


8962 


9 


(986 


0,1064 9 


7998 


0.8902 


9,9091 


09 




i 


9.7900 


9 


8961 






0.1061 9 


7995 


9.8901 


9,9094 


09 




5 


9.7901 


9 


8960 




(941 


0.1059 9 


7997 


9.8900 


9,9097 






6 


9.7903 


9 


8959 




8944 


0.1056 9 


7998 




9,9099 






7 


9,7905 




8958 


9 


8946 


0.1064 9 


8000 




9,9102 






8 


9.7906 


9 


8957 


9 


8949 


O.J05I 9 


8001 




9.9104 






8 


9.7908 




(956 


9 


8962 


0.1048 9 


8008 




9.9107 






10 


9,7910 


9 




9 


8954 


0,1046 9 


8004 




9.9110 






11 


9.7911 


9 


8954 


9 


8957 


0.1048 9 


8006 


9.8894 


9.9112 






12 


9.7918 


9 


8958 


9 


8959 


0,1041 9 


8007 


9.8893 


9.9115 






13 


9.7914 




8952 


9 


8962 


0.1038 9 


8009 


9.8892 


9,9117 






14 


9.7916 


9 


8951 


9 


8905 


0.1085 9 


8010 


9.8891 


9.9120 






15 


9.7918 




8960 


9 


8967 


0.1088 9 


8012 


9.8890 


9.9122 






le 


9.7919 


g 


8949 


9 


8970 


0,1030 9 


8014 


9.8880 


9.9125 






17 


9.7921 


9 


8948 


9 


8972 


0,1028 9 


8015 




9.9128 






18 


9.7922 


9 


8947 


9 


8975 


0,1025 9 


8017 




9.9130 






19 


9.7924 


9 


8046 


9 


8978 


0.1022 9 


8018 




9,9138 






20 




9 


8945 


9 


8980 


0.1020 9 


8020 


9,8884 


9.9185 






21 


9 7927 


9 


8944 






0.1017 9 


8021 




9.9188 






22 


9.7929 


9 


J943 






0,1015 9 


8023 




9.9140 






2S 


0.7930 


9 








0,1012 9 


8024 


9.8881 


9.9143 






24 


9.7932 


9 


3941 




8990 


0.1010 9 


8026 


9.8880 


9.9146 






25 


9 7984 


9 


8940 




8998 


0.1007 9 


8027 


9,8879 


9.9148 






26 


9.7935 




^939 




8996 


0.1004 9 


8029 


9,8878 


9.9151 






37 


9.7987 










0.1002 9 


8081 


9.8877 


9.9158 


84 




2S 


9.7938 


9 


8937 




9001 


O.0999 9 


8032 


9.8876 


9,9156 


844 




29 


9 7940 


9 


8936 




9003 


0.0997 9 


8034 


9.8876 


9,9158 


84- 




80 


9.7941 


9 






9006 


0.0994 9 


8085 


9.8874 


9,9161 






81 


9.7943 


9 


8934 




9009 


0.0991 9 


8037 


9.8878 


9.9164 






32 


9.704S 


9 


8933 




9011 


0.0989 9 




9.8872 


9.9166 






S3 


9.7946 


9 


8932 




9014 


0,0986 9 


8O40 


9.8871 


0.0169 






84 


9.7948 


9 


S931 




9016 


0.0984 9 


8041 


0.8870 


9,9171 






86 


9.794B 


9 


8930 


1 


9019 


0,0981 9 


8048 


9.8869 


9,9174 


08 




36 


9.7951 


9 




9 


9022 


0.0978 9 


8044 




9.9176 






87 


9.7953 


9 


8928 


9 


9024 


0.0976 9 


8046 




9.9179 






38 


9 7954 


9 


8927 


! 


9027 


0.0973 9 


8047 


9.8866 


0,9182 






39 


9.7958 


9 


8926 




9029 


0.0971 9 


8049 




9,9184 






40 


9,7957 


9 


8925 


1 


9032 


0.0968 9 


8050 


9.8864 


9.9187 






41 


9.7959 


9 






9035 


0,0965 8 


8052 




9,9189 






42 


9.7960 


! 


8925 




9037 


0.0963 9 


8063 




9.9192 






43 


9.7962 






( 


9040 


0.0960 S 


8066 




9,9194 






44 


9 7964 






9 


9042 


0.0958 9 


8056 


9.8859 


9.9197 






45 


9.796 




8920 


9 


9046 


0.0955 9 






9,9200 






46 


9.796 


9 


8919 


9 


9047 


0.0958 9 


8060 


9.8857 


9,9202 


0.0798 


14 


47 


9.796 


9 


8918 


9 


9050 


0.0950 9 


806; 




9,9205 


0.0795 


18 


48 


9.797 


9 


8917 


! 


9068 


0,0947 9 




9.8855 


9,9207 


0.0793 


12 


49 


9.797 


9 


8916 




9056 


0,0945 9 


806' 


9,8854 


9,9210 


0.0790 


11 


50 


9.797 


S 


8916 


; 


9068 


0,0942 9 


8066 






0.0788 


10 , 


61 


9.797 


' 


8914 


9 


9060 


0,0940 9 


8067 




9,9215 


0.0785 


9 


52 


9 797 




8913 


a 


9063 


O.O0S7 9 




%MS 


9,9218 


0.0782 


8 


63 


9.797 


' 


8912 


■ 


9066 


0,0934 9 


8071 




9,9220 


0.0780 


7 


54 


9.707 




8911 




.0068 


0,0932 1 9 


8072 






O.0777 


6 


55 


9 798 


■ 


8910 


■ 


9071 


0,0929 9 


8078 




9,9226 


0.07T5 


5 


56 


9.798 


i 






.9078 


0,0927 1 9 


8076 


9,8847 


9.9228 


0.0772 


4 


57 


9.798' 




890S 




.9076 


0.0924 9 


8076 


9.8846 


9,9230 


0.0770 


3 


68 


9.798 


' 


8907 


* 


.9079 


0.0921 9 


8078 


9,8845 


9,9238 


0.0767 


2 


59 


9.798 




8901 


« 


.908 


0.0919 9 


8079 


9,884. 


9.9236 


0.0764 


1 


60 


9.79S 


i 




" 


.9084 


0.0916 8 


8081 




9.9238 


0.0762 







C08. 


sin. 


Colang. 


Tang, 


Cos. 


Sin. 


Cotang, 


Tang. 




51= 11 


S0» /- 




















llo^ 


d l)y ^ 


-OG 



TABLE II. Logarithmic Sines and Tangents. 



9.9246 
9.9248 
9.9251 
9,9264 
9.9266 



9.8102 9 

9.8103 S 

9.8105 E 

9.8106 S 

9.8108 t 

9.8109 E 
9.9111 t 
9.8112 E 

9.8114 E 

9.8115 ( 
9.8117 ! 



9.8121 ( 

9.8122 ( 

9.8124 ) 

9.8125 1 



9.8143 S 

9.SI43 I 

9.8145 f 

9.8146 t 
9.8148 t 
9.8349 ? 
9.8150 ( 



9.8164 ! 

9.8165 ! 
9,8167 ! 



0.0762 
O.0759 
0.0757 
0.0754 
0.0762 
0.0749 
0.0746 
0.0744 
0.0741 
0.078 
; 0.078 
0.0784 
0.0781 
0.0729 
0.0726 
0.0723 
I 0.0721 
; 0,0718 
0.0716 
0.0718 
I 0.0711 
: 0.0708 
0.0705 
0.0708 
0.0700 
0.0698 



0.0672 
0.0670 
0.0667 
0.0666 

o!0669 
; 0.0667 
1 0.0654 
; 0.0652 

0.0649 
i 0.0047 

0,0644 

0.0642 

0.06 

0.0636 



; 0.0624 

I 0.0621 

0.0619 



V 9.8775 ! 

> 9.8778 : 

).8177 9.8772 ! 

J.8178 9.8771 ! 

J.8180 9.8770 ! 

3.8181 9.8769 ' 



9.8221 1 
9.8223 ! 
B.8224 i 



9.9412 
9,9416 
9.9417 
9,9420 
9.0422 
9.9425 
9,9427 
9,9430 



9.0440 
9.9443 
9.9446 
9.9448 
9.9460 



i 9.8760 ! 

B749 i 

I 9.8748 ! 

9.8747 1 
. 9,8746 1 
1 9.8746 ) 

9.8748 ! 



9.9491 
0.9494 
9.9496 



9,8727 
9,8726 
9.8724 



0.0608 6( 
0.0606 6! 
■ 0.0603 51 
0.0601 5' 
0.0598 5i 
0,0596 51 
0.0608 5. 
0.0591 5. 
0.0688 6 
0.0685 5 
0.0683 & 
0.0580 4 
0.0578 4 
0.0576 i 
0.0678 4 
0.0570 4 
0.0568 4 
0.0666 4 
0.0562 4 
0.0560 4 
0.0657 4 
0.0666 8 
0.0552 3 
0.0560 8 
0.0547 a 
0.0645 8 
0.0542 8 
0.0640 8 
0.0587 3 
0.0534 6 
0.0582 a 
0.0529 S 
0.0527 S 
0.0524 £ 
0.0522 S 
0.0619 S 
0,0517 S 
0.0514 ; 
0,0512 i 
0.0509 S 
0.0506 S 
0.0604 J 
0.0501 ] 
0.0499 ] 
0.0496 ] 
0.0494 ] 
0.0491 ] 
0.0489 J 
0.04 86 ■ 
■0.0484 - 
0.0481 : 
0.0478 
0.0476 
3473 
0,0471 
0.0468 
0.0466 
0.0468 
0.0461 
0.0458 
0.0466 



1 

;yogie 



TABLE II. Logarithmic Sin. 



9.9547 
9.9549 
9.9652 
9.9555 
9,9667 



9.8278 t 

9.8275 t 

9.8276 i 
9 8277 i 



<I82S2 t 
9 8288 , E 
9 8284 f 

9 8-87 S 



9.8607 i 
9.8663 { 
9.8665 t 



9 8312 9 
9 83ia 9 
9 8^15 9 
9 881b 9 
9 8317 9 
9 8319 E 
9 8820 t 
9 8322 E 



9 8331 
9 8334 



).8651 \ 

3.3949 ! 

J.8648 ! 

9.8647 ! 



0.0456 
0.0458 
o:i>461 
D.0448 
0.0445 I 
0;0448 
Oi0440 
0.0488 
0.0435 
0;0433 
0.0430 
0,0428 
0.0425 
0.0428 
) 0;0420 
i 0.0418 

> 0.0416 
1 0.0412 
I 0.0410 
I 0.0407 

> 0,0405 
I 0.0402 
) 0^0400 
I 0.0397 
i 0.0895 
( 0.08" 
) 0,03 

I 0.0387 
) 0.0385 
f 0.0882 
I 0.0379 
i 0.0377 
i 0.0374 
i O.0372 

0.0369 
I 0:0367 
1 0.0364 
I 0.0362 
. 0.0359 
I 0.0857 
i 0,0854 
( 0.0852 
1 0.0849 
! 0.0347 
( 0.0844 

0.0841 
. 0.03 
1 0.08 



1 0.0324 

) 0,0321 

L 0.0819 

I 0.0313 

1 0.0814 

) 0.0311 

[ 0.0309 



. 9.9712 
9.9714 
i 9.9717 
. 9.9719 
9.9722 
9.9724 
9.9727 
0.9729 



9.9737 
9.9740 
9.9742 

I 9.9745 
9.9747 

i 9.9750 

i 9.9762 
9.9755 

i 9.9757 



i 9.9765 

i 9.9761 

' 9.9770 

■ 9,9772 



9.8405 S 

9.8406 1 

9.8407 i 

9.8409 1 

9.8410 i 

9.8411 ! 

9.8412 ! 

9.8414 ! 

9.8415 5 

9.8416 t 
9.8418 ! 



0.0301 5' 

0.0298 6; 

0.02B6 5' 

0.0293 6i 

0,0291 5. 

0.0288 6. 

0.0286 & 

0.0283 5: 

0.0281 6 

0.0278 & 

0.0276 4 

0.0273 4 

0.0271 4 

0.0263 4 

0.0266 4 

0.0263 4 

0.0260 4 

0.0258 4 

0.0256 4 

0.0263 4 

0.0250 3 

0.0248 3 

0.0245 3 

0.0248 8 

0.0240 3 

0,0288 8 

0,0235 a 

0.0233 8 

0.0280 3 

0.0228 8 

0.0225 2 

i 0.0222 2 

) 0.0220 2 

1 0.0217 2 

0.0215 2 

0.0212 2 

0.0210 ! 

0.0207 S 

0.0205 S 

0.0202 S 

0.0200 1 

0.0197 1 

0.0196 1 

0.0192 1 

0.0190 1 

0.0187 1 



0.0177 1 

0.0174 

0.0172 

0.0169 

0.0167 

0.0164 

0.0162 

0.0159 

0.0157 

0.0154 

0.0152 






TABLE II. Log. Sines and Tangents. 





4*° 




Rin. 


&JB. 


Tang. 


Cotais. 




0.8418 


0.8569 


9.9848 


0.0182 


60' 




9.8419 


9.8568 


9.9861 


0,0140 


59 


2 


9.8420 


9.8567 


9.9868 


0.0147 






9.8422 


0,8566 


9,9856 


0.0144 


67 


4 


9.8423 


9.8664 


9.9868 


0.0142 


66 


6 


8.8424 


9.8663 


9.0861 


0.0180 


56 


Q 


9.8426 


9.8562 


9.9864 


0.0136 


54 


7 


0.8427 


9.8561 




0.0134 


58 


S 




9.8560 


9.9869 


0.0181 


62 


9 


9.8429 


9.8658 


9,9871 


0.0129 


51 


10 


9.84B1 


9.8657 


9.9874 


0.0126 


50 


11 


9.8482 


9.8656 


9.9876 


0.0124 


49 


12 


9.8433 


9.8S55 


9,9879 


0.0121 


48 


18 


9.8485 


9.8553 


9.9881 


0.0119 


47 


14 


9.8*36 


9.8652 


9.9884 


0.0116 


46 


15 


9.8437 


9.8551 




0.0114 


45 


16 


18439 


9.8650 


9.988t 


0,0111 


44 


IT 


9 8440 


9.8548 


9!9891 


0,0100 


48 


18 


8441 


9.8547 


9.989< 


0.0106 


42 


19 


8442 


9.8546 




0.0104 


41 


20 


8444 


9.8546 


9!989i 


O.OIOI 


40 


21 


9 8445 


9,8544 


9.9901 


0.0099 


39 


22 


9 8446 


9.8542 


0.9004 


0.0006 




£3 


9 8448 


9.8541 


9,9907 


0.0093 


37 


24 


9 8449 


9.8540 


9,9909 


0.0091 


36 


25 


8450 


9.8680 


9.9912 


0.0088 


86 


26 


9 8451 


9.8537 


9.9914 


0.0086 


34 


27 


9M58 




9.9917 


0.0083 


38 


^8 


9 8454 


9.8535 


9.9919 


0,0081 


S2 




9 8455 


9.8584 


9.9022 


0,0078 


81 


80 


9 8457 


9.8632 


9.9924 


0,0076 


30 


81 


9 8458 


9.8581 


9.9927 


0.0073 


29 


32 


9 8459 


9.8530 


9.9929 


0.0071 


28 


83 


9 84b0 


9.8529 


9.993S 


0.0068 


27 


34 


9 8462 


9.8527 




0,0066 


26 


35 


9 8463 


9.8526 


0!0035 


0.0O63 


26 




9 8464 


0.8625 




0,0061 


24 


87 


9 8466 


9.8624 


9!994J 


0.0068 


23 


88 


8467 




0.0044 


0.0056 


22 


39 




9.8621 


9.9947 


0.0053 


21 


40 


9 8469 


9.8520 


9.0049 


0.0051 


20 


41 


8471 


9.8619 


0.0952 


0.0048 


19 


42 


9 84-2 


9.8517 


9.9955 


0.0O46 


18 


43 


8473 


9.8516 


9,9957 


0.0043 


17 


44 


9 8475 


9.8516 


9.9060 


0.0040 


16 


46 


9 8476 


9.8514 


0.0962 


0.0038 


15 


46 


84"7 


9.8612 


0.9965 


O.0O35 


14 


47 


9 8478 


9.85II 


9.9967 


0,0088 


13 


48 


9 8480 


9.8510 


9.9970 


0.0030 


12 


49 


9 8481 


9.8609 


9.9972 


0.0O28 


11 


60 


9 8482 


9.8507 


9.9976 


0.0025 


10 


51 


9 8488 


9.8500 


0.0977 


0.0023 




62 


9 8485 


9.8505 


9.9980 


0.0020 


8 


68 


8486 


9.8604 


9.0082 


0.0018 


7 


64 


9 8487 


9.8602 


9.9985 


0,0015 


6 


65 




9.8501 


9.9087 


0,0018 


5 


66 


8490 


0.8600 


9.9900 


0.0010 


4 


57 


9 84')I 


9.8499 


9.9992 


0.0008 






9 8402 


9.8497 


9.9996 


0.0005 


2 


6<> 


8404 


9.8406 


0.0997 


0.0003 


1 


60 


9 8496 


9.8405 


0.0000 


0.0000 







Coa. 


ao. 


ColMlg. 


Tsng, 




43° 



Lciff. Tangent of Ohhtimt^ 





iBDt 


23 27 ( 


9 68720 




63727 


1 


9 63728 


8 


9 63728 


4 


9 63729 


5 


63729 


6 
7 


9 63730 




63731 


9 


68782 


10 


9 63732 


IJ 


9 68738 


12 


9 68733 


13 


9 68734 


14 


9.68785 


15 


9,63735 


16 


9,63730 


17 


6,08786 


18 


9,63737 


19 


9,63737 


20 


9.63738 


21 


0.63739 


22 


9.63739 


23 


0.63740 


24 


9.63740 


25 


9.63741 




9,63741 


27 


9.63742 


28 


9,68748 




9.03743 


30 


9,63744 


81 


9,68744 


32 


9.68745 


33 


9.63745 


84 


9.03746 


36 


9.68747 


36 


9.03747 


87 


0.63748 




9.63748 


89 


0.63740 


40 


0.63750 


41 


9.68750 


42 


0,63751 


43 


9,63781 


44 


0.63752 


45 


0.63752 


46 


9.63768 


47 


0.68754 


48 


9.63764 


49 


9.63755 


60 


9,63755 


61 


9.68766 


52 


9,63756 


53 


9,68757 


64 


9,63758 


55 


9,68758 


60 


9,63759 


67 


9.63759 


68 


9.68760 


59 


0.68760 


28 28 


0.6f76I 



^JSbogle 



TABLE ly. Logarilfims A and B. 
Argument. Moon's Equatorial Parallas, 



Poc. 


l^cg.A 


log. B 


Par. 


1*1. A 


Log.B 


l>a[. 


J^A 


I:I.K.B 


53 50 


0.46449 


5.80640 


54 50 


0.44647 


5.79838 


65 50 


0.48860 


5.79052 


51 


0.45486 


5.8062S 


51 


0.44684 


5.79825 


61 


0.43847 


5.79089 


62 


0.45422 


5.80613 


62 


0.44621 


6.79813 




0.43884 


5.79026 


58 


0.45408 


6.80599 


53 


0.44608 


5.79799 




0.43821 


5.79018 


64 


0.45396 


6.80586 


54 


0.44594 


6.79780 
5.79772 


54 


0.43808 


5.79000 


68 55 


0.45382 


6.80572 


64 55 


0.44581 


65 56 


0.43795 


5.78987 


66 


0,45868 


6.80569 


66 


0.44668 


5.79759 




0.48782 


6.78974 


67 


0.46855 


6.80646 


57 


0.44665 


5.79746 


67 


0.48769 


5,78961 


58 


0.46841 


6.80532 


58 


0.44542 


6.79733 


58 


0.43756 


5.78948 


59 


0.46328 


6.80519 


59 


0.44628 


5.79719 


69 


0.48744 


5.78935 


54 


0.45814 


6.80506 


55 


0.44615 


5.79706 


66 


0.48731 


6.78922 


1 


0.46301 


5.80492 


1 


0.44502 


5.79693 


1 


0,48718 


5.78909 


2 


0.45287 


6.80478 


2 


0.44489 


5.796B0 


2 


0.48705 


5.78896 


8 


0.45274 


6.80465 


8 


0.44476 


5.79667 


8 


0.43692 


5.78883 


4 


0.45261 


6.80461 


4 


0.44462 


6.79664 


4 


0.43679 


6.78870 


M 5 


0.45247 


5.80438 


55 5 


0.44449 


6.79G40 


56 5 


0.43666 


6.78857 




0.45234 


5.80425 


6 


0.44436 


5.79627 


6 


0.48658 


5.78844 


7 


0.45220 


5.80411 


7 


0.44423 


5.79614 


7 


0.43640 


5.78831 


8 


0.45207 


5.80398 


8 


0.44410 


5.79601 


8 


0.48627 


5.78818 


9 


0.45193 


5.80884 


9 


0.44397 


5.79588 


9 


0.43614 


5.78806 


U JO 


0.45180 


6.80871 


55 10 


0.44383 


5.79575 


56 10 


0.43601 


5.78792 


11 


0.45167 


5.80858 


11 


0.44870 


5.79561 


11 


0.48588 


6.78779 




0.45153 


6.80344 


12 


0.44357 


5.79648 


12 


0.43575 


5.78767 


18 


0.45140 


5.80331 


13 


0.44344 


5.79635 


13 


O.48502 


5.78764 


14 


0.45127 


6.80817 


14 


0.44881 


5.79522 


14 


0.43549 


6.78741 


54 15 


0.45118 


5.80304 


55 15 


0.44318 


5.79509 


56 15 


0.48586 


5.78728 


16 


0.45100 


5.80291 


16 


0.44305 


5.79196 


16 


0.43524 


6.78716 


17 


0.45086 


5.80277 


17 


0.44291 


6.79483 


17 


0.48511 


6.T8702 


18 


0.45073 


5.80264 


18 


0.44278 


6.79469 


18 


0.43498 


5.78689 


19 


0.45060 


5.80251 


19 


0.44265 


5.79456 


19 


0.48485 


6.78676 


54 20 


0.45046 


5.80287 


55 20 


0.44252 


5.79448 


56 20 


0.43472 


5,78663 


21 


0.45083 


6.80224 


21 


0.44289 


5.79430 


21 


0.48469 


6,78661 


22 


0.46020 


6.80211 


22 


0.44226 


5.79417 


22 


0.43446 


5.78638 


23 


0.45006 


6.80197 


23 


0.44213 


5.79404 


28 


0.48433 


5.78625 


S4 


0.44993 


6.80184 


24 


0.44200 


5.79391 


24 


0.48421 


6.78612 


■54 26 


0.44980 


5.80IT1 


65 25 


0.44187 


5.79378 


66 25 


0.43408 


5.78699 


26 


0.44966 




26 


0.44173 


5.79866 


26 


0.48395 


5.78586 


27 


0.44968 


6!80144 


27 


0.44160 


5.79352 


37 


0.48382 


6.78578 


28 


0,44940 


6.80131 




0.44147 


5.79388 


28 


0.43369 


5.76560 




0.44926 


6.80117 




0.44184 


5,79325 


29 


0.48866 


6.78548 


54 80 


0.44913 


5.80104 


65 30 


0.44121 


5.79312 


56 80 


0.4834S 


5.78535 


31 


0.44900 


5.80091 


31 


0.44108 


5,79299 


31 


0.48881 


6,78522 


82 


0.44886 




32 


0.44096 


5.79286 


82 


0.43318 


6,78509 


33 


0.44878 




33 


0.44082 


5.79273 


33 


0.48805 


5.78496 


84 


0.44860 


5.80051 


34 


0.44069 


5,79260 


84 


0.48292 


5.78488 


64 88 


0.44846 


5.80037 


55 35 


0,44066 


5.79247 


56 86 


0.43279 


5,78471 


36 


0.44833 


6.80024 




0.44043 


6.79284 


36 


0.43266 


5,78468 


87 


0.44820 


5.80011 
5.79998 


37 


0.44030 


5,79221 


87 


0.48254 


5.78446 


38 


0.44807 


88 


0.44017 






0.43241 


6.78482 


89 


0.447S8 


5.79984 
6.79971 




0.44004 


5.79195 


89 


0.48228 


6,78419 


61 40 


0.44780 


66 40 


0.43991 


5.79182 


56 40 


0.43215 


5.78407 


41 


0.44767 


6.79968 


41 


0.43978 


5.79169 


41 


0.48202 


5,78394 


42 


0.44753 


5.79944 


42 


0.43964 


5.79156 


42 


0.43190 


5.78381 


48 


0.44740 


5.79931 


43 


0.43951 


5.79143 


43 


0.481'r7 


5.78368 


44 


0.44727 


5.79918 


44 


0.4898B 


5.79180 


44 


0.43164 


5.78S55 


54 45 


0.44714 


5.79905 


55 45 


0.43925 


5.79117 


56 45 


0.48151 


5.78348 


46 


0.44700 


6.79891 


46 


0.48912 


5.79104 


46 


0.43138 


5.78330 


47 


0.44687 


5.79878 


47 


0.48899 


5.79091 


47 


0,43126 


5.78817 


48 


0.44674 


5.79865 


48 


0.43886 


5.79078 


48 


0.48118 


5.78804 


49 


0.44661 


5.T9852 


49 


0.43873 


5.79065 


49 


0.48100 


5.78291 
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TABLE IV. Logarithm.!, A a.nd B. 
Aroument- Mooa'a Equatorial Parallax. 



P^r, 


L-^.A 


I*g.B 


P"- 1 '"B-A 


Log,B 


Psr, 


W,A 


LOS.B 


66 60 


0.4S087 


5.78279 


57 50 


0.42328 


5.77619 


68 50 


0,41581 


5.76773 


51 


0.43075 


6.78266 


51 


0,42316 


5.77607 


61 


0,41669 


6.76761 


52 


0.43062 


6.78253 


62 


0.42303 


5.77494 


52 


0.41557 


6.76748 




0.43049 


5.78240 


58 


0.42290 


5.77482 


68 


0.41544 


5.76786 


hi 


0.43086 


6 78228 


64 


0.42278 


5.77469 


54 


0.41582 


5.76724 


66 55 


0.43024 


5.78215 


57 56 


0.42266 


5.77467 


68 66 


0,41520 


6.76711 


66 


0.43011 


5.78202 


56 


0.42253 


5.77444 


66 


0.41507 




67 


0.42998 


5.78189 


57 


0.42240 


6.77482 


57 


0.41495 


6!76687 


58 


0.42986 


6.78177 


68 


0.42228 


5.77419 




0.41483 


5.76675 


59 


0.42978 


6.78164 


59 


0.42215 


5.77407 


69 


0.41471 


6.76662 


57 


0.42960 


e.78151 


68 


0.42203 


5,77894 


69 


0.41458 


6.70650 


1 


0.42947 


5.78189 


1 


0.42190 


5.77382 


1 


0,41440 


6.76688 


2 


0.42934 


5.78126 




0.42178 


5.77369 


i 


0,41484 


5,76625 


3 


0.42922 


6.78113 


8 


0.42165 


6.77357 




0.41421 


6,76618 


4 


a42909 


5.78100 


4 


0.42158 


6.77344 


i 


0.41409 


5,76601 


67 5 


0.42896 


5.78083 


58 5 


0.42140 


5.77382 


59 5 


0.41897 


6,76589 


6 


0.42884 


6.78075 


6 


0.42128 


5.77319 




0.41384 


5.76676 


7 


0.42871 


5.78062 


7 


0.42115 


5.77807 


7 


0.41872 


5.76564 


8 


0.42858 


6.78060 


8 


0.42108 


5.77294 


8 


0.41360 


5.76652 


9 


0.42845 


5.78037 


9 


0.42090 


5.77282 


9 


0.41848 


5.76539 


67 10 


0-42838 


5.78024 


58 10 


0.42078 


5,77269 


59 10 


0.41335 


5.76527 




0.42820 


5.78011 


11 


0.42066 


6.77257 


11 


0.41828 


5.76515 


12 


0.42807 


5.77999 


12 


0.42053 


5.77244 


12 


0,41811 


6.76503 


13 


0.42795 


5.77886 


18 


0.42040 


5.77282 


13 


0,41299 


5.76490 


14 


0.42732 


5.77973 


14 


0.42028 


5.77219 


14 


0.41286 


5.76478 


57 15 


0.427S9 


6.77961 


58 16 


0.420J6 


6.77207 


59 15 


0.41274 


5.76466 


16 


0.42767 


5.77948 


16 


0.42003 


5.77194 


16 


0,41262 


6,76464 


17 


0.42744 


5.77935 


17 


a41990 


5.77182 


17 


0.41260 


5.76441 


18 


0.43781 


5.77923 


18 


0.41978 


5.77170 


18 


0,41237 


5.76429 


19 


0.42719 


5.77910 


19 


0.41966 


6.77157 


19 


0.41226 


5.76417 


57 20 


0.42706 


5.77897 


58 20 


0.41958 


5.77146 


59 20 


0,41213 


5.76405 


21 


0.42693 


6-77886 


21 


0.41941 


5.77132 


2) 


0.41201 


5.76892 


22 


0.42681 


5.77872 


22 


0.41928 


5,77120 




0.41188 


6.76380 


28 


0.4266S 


5.77869 




0.41916 


5.77107 


28 


0.41176 


6.76368 


24 


0.42655 


5.77847 


24 


0.41 903 


5.77095 


24 


0.41164 


5.76856 


57 25 


0.42648 


5.77884 


68 26 


0.41891 


5.77083 


59 25 


0,41152 


6.76844 


26 


0.42680 


5.77822 


26 


0.41878 


5.77070 


26 


0.41140 


5.76331 


27 


0.42617 


5.77809 


27 


0.41866 


5.77058 


27 


0.41127 


5.76819 


28 


0.42605 


5-77796 




0.41854 


5.77046 


28 


0.41115 


5.76307 


29 


0.42592 


6.77784 




0.41841 


5.77033 


£9 


0.41108 


5.76295 


57 30 


0.42580 


5,77771 


58 80 


0,41829 


6.77020 


69 30 


0.41091 


5.76283 


81 


0.42567 


5.77758 


31 


0.41816 


5.77008 


81 


0.41079 


6.76270 


32 


0.42654 


5.77746 


82 


0.41804 


6.76996 




0.41066 


6.76268 


88 


0.42542 


6.77738 




0,41792 


5.76983 


38 


0.41064 


5.76246 


84 


0.42629 


6.77721 


34 


0.41779 


5.76971 


84 


0.41042 


6.76284 


57 35 


a42516 


6.77708 


68 85 


0.41767 


5.76959 


59 35 


0,41030 


5.76222 


se 


0.42504 


6.77695 


36 


0.41754 


5,76946 


86 


0.41018 


5.76209 


3; 


0.42491 


5.77683 


87 


0.41742 


6,76934 


37 


0,41006 


5.76197 




0.42479 


6.77670 




0.41730 


6.76921 




0,40993 


5.76185 


3! 


0.42466 


5.77658 




0.11717 


6,76909 


39 


0,40981 


5.76173 


67 40 


0.42454 


6.77646 


58 40 


0.41705 


5,76897 


69 40 


0,40969 


6.76161 


41 


0.42441 


5.77632 


41 


0.41693 


5,76884 


41 


0.40957 


5.76149 


42 


0.42428 


6.77620 


42 


0,41680 


6.76872 


42 


0,40945 


5.76137 


43 


0.42416 


5,77607 


43 


0.41668 


5.76860 


43 


0,40983 


5.76124 


44 


0.42408 


6.77595 


44 


0.41655 


6.76847 


44 


0,40920 


5.76112 


67 45 


0.42391 


5.77582 


68 46 


0,41643 


5.76835 


69 45 


0,40908 


5.76100 


46 


0.42378 


5.77570 


46 


0.4163) 


5.76822 


46 


0,40896 


5,76088 


47 


0.42S66 


5.77557 


47 


0.41618 


5.76810 


47 


0,40884 


5.76076 


48 


0.42353 


5.77544 


48 


0.41606 


5.76798 


48 


0,40872 


6,76064 


49 


0.42340 


5.77532 


49 


0,41694 


6.76785 


49 


0.40860 


5.76052 



, Google 



d2 table IV. LogariiJimi A and B. 
Argument. Moon's Equatorial Parallax. 



Par. 


I«B.A 


W-B 


Par. 


LOS- A 


1-«.B 


59 50 


0.40848 


5.76089 


60 50 


040126 


6.75318 


51 


0.40835 


5.76027 


61 


0.40114 


6.75806 


52 


0.40823 


5.76015 


52 


0.40102 


6.75294 


53 


O408U 


5.76008 


53 


0.40090 


5.76282 


54 


0.40799 


5.75991 


54 


0.40078 


5.75270 


69 55 


0.40787 


6.75970 


60 55 


0.40066 


6.75258 


56 


0.i0775 


5.75967 


56 


0.40054 


5.75246 


67 


0.40763 


5.76055 


57 


0.40043 


5.75234 


68 


0.40751 


5.75348 


58 


0.40031 


5.75223 


69 


040789 


5.76980 


59 


0.40019 


6.75211 




040726 


5.76918 


61 


0.40007 


5.75199 


J 


0.40714 


5.75903 


1 


0.89995 


5.76187 




0.40702 










S 


0.40690 




8 


0!S997) 


5:75163 


4 


0.40678 


6.75870 


4 


0.39959 


5.75151 


60 6 


0.40666 


6.75858 


61 6 


039947 


5.75189 


6 


0.40654 


6.75846 


6 




5.75127 




0.406*2 


5.76834 


7 


f>M^2i 


5.75116 




0.40680 


5,75822 


8 


0.39912 


5.75104 




0.40618 


6.76810 


9 


0.39900 


5.76092 


60 10 


0.40606 


5.75798 


61 10 




5.75080 


11 


0.40594 


5.75786 


11 


0^39876 


5.76068 


12 


0.40582 


6.75778 


!2 


0.39864 


5.75056 


IS 


0.40670 


5.75761 


13 


0.89852 


6.75044 


14 


0.40557 


6.76749 


14 


0.39841 


5.75033 


60 15 


O.40645 


5.75737 


61 16 


0.39829 


6.75021 


16 


0.40533 


6.76726 


16 


0.39817 


5.75009 


17 


0.40621 


6.75713 


17 


0.39805 


6.74997 


18 


0.40509 


5.75701 


18 


0.89793 


5.74985 


19 


0.40407 


6.75689 


19 


0.39781 


5.74978 


60 20 


0.40486 


5.76677 


61 20 


0.80770 


5.74962 


21 


0.40473 


5.76666 


2! 


0.39758 


5.74960 


22 


0.40461 


5.75663 


. 22 


0.89746 


5.74938 




0.40449 


5.76641 


23 


0.89734 


6.74926 


i 


0.40437 


5.75629 


24 


0.39722 


5.74914 


60 -25 


0.40425 


5.75617 


61 26 


0.39710 


5.74902 


26 


0.40413 


5.76605 


26 


0.89699 


6.74891 


27 


0.40401 


5.7659S 


27 


039687 


5.74879 


28 


0.40889 


5.755S1 


28 


0.89675 


5.74867 


29 


0.40377 


5.75569 


29 


0.39663 


5,74855 


60 30 


0.40366 


5.75557 


CI 30 


0.89651 


6.74843 


81 


0.40353 


5.75546 


31 


0.39640 


5.74832 


32 


0.4O34! 


6.75533 


82 


ft 89628 


6.74820 


SS 


0.40329 


5.75521 




0.39616 


5.74808 


84 


0.40317 


5.76609 


3^ 


0.39604 


5.74796 


60 ac 


0.40803 


5.76497 








8 


0.40293 


6.75485 








3 


0.40281 


5.75473 








3 


0.40269 


5.75461 








3 


0.402S7 


5.75449 








60 4 


0.40246 


5.76437 








4 


0.40233 


5.76425 








4 


0.40221 


6.75413 








4 


0.40210 


5.75401 








44 


0.40198 


5.75389 








604 


040186 


5.75378 








4 


0.40174 


6.76366 








4 


0.40162 


5,75364 








i 


0.40150 


5.75342 








i 


040138 


5.76330 




1 



Bemyism. 


Tang. 


15' 


10" 


7.65871 




41 


7.65917 




42 


7.65968 




43 


7.66009 




44 


7.66055 


16 


45 


7.66101 




16 


7,66147 




47 


7.66193 




48 


7.6G289 




49 


7.66284 


15 


50 
51 


7.66330 
7.66376 




52 


7.66422 




68 


7,66467 




64 


7.66513 


15 


55 


7.66558 




56 


7.66604 




57 


7.66649 




68 






59 


7.66740 


16 





7.66786 




2 
8 


7^66875 
7.66920 




4 


7.66966 


16 


5 
6 

8 
9 


7.67011 
7.67066 
7.67100 
7.67145 
7.67190 


16 


10 
11 


7.67285 
7.67280 




12 


7.67321 




13 


7.67369 




14 


7.67414 


16 


16 


7.67458 




16 


7.67508 




17 


7.67517 




18 


7.67692 




19 


7.67636 




20 


7.67680 



, Google 





TABLE VI. 




S3 


Latitudes and Longitudes from the Meridian 


of Greenwich, of some 


Oiiies, and oilier conspiouom places. 








N„m,s.rPU.™. 


L.tiua.. 


SE- 


In DBgiyes. 












Albany, Capitol, 


New York, 


42 89 "s N, 


4 54 59 W. 


73 4445 


Altona, Ois., 


Denmark, 


53 3245 N. 


89 47 E. 


9 66 45 


Amsterdam, 


Holland, 


5322 80 N. 


019 33 B. 


46316 


Baltimore, B. Mon'l., 


Maryland, 


3917X3 N. 


5 6 SI W. 


7637 50 


Berlin, Obs., 


Germany, 


52 3118 N. 


058 35.5E. 


13 23 52 


Boston, Slate Mouse, 


Maas'te, 


422115 N. 


44416.6W. 


71 4 9 


Brest, Obs., 


Tranoe, 


48 23 32 N. 


017 68 W. 


4 29 26 


Cunton, 


China, 


28 8 S N. 


7 33 8 E. 


1131954 


Cape a. Hope, Obs., 


Africa, 


33 56 3 S. 


113 55 E. 


18 28 45 


Charleaton, Coll., 


8. Carolina, 


82 47 N. 


5 20 3 VI. 


80 52 


CharlottesTille, Uaivers 


Virginia, 


38 2 3 N. 


514 6 W. 


78 31 29 


Cincinnati, 


Ohio. 


39 5 54 N. 


5 37 36 W. 


8424 




Denmark, 


55 40 53 N, 


05019.8E. 


12 34 57 


Dorp at, Obs., 


Russia. 


B822 47 N, 


146 55 B. 


204345 


Dablin, Oba., 


Ireland, 


53 38 13 N. 


025 22 W. 


6 20 30 


Edinburgh, Obs., 


Scotland, 


55 57 20 K. 


012 43.6W. 


31054 


Gotba, SMbfru Obs., 


Germany, 


60 50 5 N 


04256.4E. 


10 44 6 


Gottingen, Obs., 


Germany, 


513148 N. 


039 46.5E. 


9 56 37 


Qraen«ioh, Obs., 


England, 


6128 89 N. 








Hudson, Obs., 


OMo, 


4114 37 N. 


525 42 W. 


8125 30 


Kanigsberg, 0*^,, 


Prussia, 


5442 60 N. 


122 0.6E. 


20 30 7 


Laneaater, 


Penn., 


40 2 3S N. 


5 5 22 W. 


76 2083 


London, St. PauVs CL, 


England, 


513049 N 


028 W, 


5 47 


Maraeillea, Obs., 


France, 


4317 50 N 


2129 E. 


5 2315 


MilMi, Obs., 


Italy, 


45 28 1 N 


086 47 E. 


91148 


Naples, Obi., 


Italy, 


405147 N 


057 E. 


1415 4 


New Ha.en, Coll., 


Couneetiout, 


4117 58 N 


45161 W. 


72 57 46 


New Orleans, C. Hall, 


Louisiana, 


29 57 45 N 


6 27 W. 


90 6 49 


New York, G. Rail, 


New York, 


4042 40 N 


4 56 4 W. 


74 1 8 


Palermo, Obs., 


Italy, 


38 6 4* N 


058 26.6E. 


182124 


Parnmatta, Obs., 


New Hoi., 


33 48 50 8. 


10 4 6 E. 


151 134 


Paiia, Obs., 


Prance, 


485018 N 


g21.6E. 


2 20 24 




Eussia, 


59 56 31 N 


2 116 E. 


3019 


Philadelphia, Ind'ce M. 


Penn., 


89 56 69 N 


6 040 W. 


7510 


Pittsburgh, 


Penn., 


402615 N 


519 52 W. 


79 58 6 


Point Venus, 


Otaheite, 


17 2921 S. 


9 57 56 W 


14028 55 


Prineeton, Coll., 


New Jersey, 


4023 N 


45820 W 


74 86 


Providenea, Univers., 


Ebode Isl., 


4149 25 N 


44544 W 


7126 58 


Pulkowa, Obs., 


Bussia, 


59 46 18.7N 


2 124.7E. 




Quebec, Caslli, 


L. Canada, 


464912 N 


445 4 W 


7116 


Rioiimond, Copiiol, 


Virginia, 


373217 N 


5 9 46 W 


7726 28 


Rome, Si, Peter's Oh., 


Italy, 


4154 8 N 


049 48 E. 


1227 6 




Georgia, 


32 4 56 N 


52429 W 


81 7 9 


Stockholm, Obs., 


Sweden, 


59 20 31 N 


11214 E. 


18 3 34 


Turin, Obs., 


Italy, 


45 4 N 


3048.4E. 


7 42 6 


Vienna, Obs., 


Austria, 


4812 35 N 


I 5 32 E. 


1623 


Wtirdlms, 


Laplajid, 


7022 86 N 


2 4 82 E. 


31 7 54 


Waaliington, Obs., 


Dist. Colum., 


38 5B33 N 


5 815 W 


77 3 89 



iio»db, Google 



TABLE VII. 

Astrtinormcal Refractions. 















Dill 












App 




.r + 




App. 




for + 




Txl 




&r + 




Alt 






l^ljih. 






IBar. 








I'Sah. 





33 51 


74 


81 


4 


11 62 


24-1 


1.70 


12 


4 28.1 


9,00 


0,556 


c 


8J 53 


71 


76 


10 


11 80 


28.4 


1.64 


10 


4 24.4 




.548 


10 


31 58 


6<t 


78 


20 


11 10 


22.7 


1.58 


20 


4 20.8 


8,74 


.541 


10 


81 5 


G- 


70 


30 


10 60 


22-0 


1.53 


30 


417.8 


8,68 


.688 


20 


30 n 


6f; 


f 7 


40 


10 32 


21.3 


1.48 


40 


410.9 


8.51 


.524 


25 


29 24 


63 


64 


50 


10 15 


30.7 


1.48 


60 


410.7 


8.41 


.517 


30 


28 87 


61 


01 


6 


9 58 


20.1 


1.88 


18 


4 7.5 


8.80 


.509 


86 


27 51 


6a 


69 


10 


9 42 


19.6 


1.84 


10 


4 4.4 


8.20 


.503 




27 (. 


68 


56 


20 


9 27 


19.1 


1.30 


20 


4 1.4 


8.10 


.496 


4h 


26 24 


5r 


64 


80 


9 11 


18.6 


1.26 


30 


S58.4 


8.00 


.490 


m 


2j 43 


55 


'>1 


40 


8 58 


18.1 


1.22 


40 


8 55.5 


7.89 




bo 


25 3 


58 


49 


60 


8 45 


17.6 


1.19 


50 


3 52.6 


7.79 


.476 


1 


24 25 


5 


47 


6 


8 82 


17.2 


1.15 


14 


8 49.9 


7.70 


.469 


6 


2g 48 


50 


46 


in 


8 20 


10.8 


1.11 


10 


3 47.1 


7.61 


.464 


10 


J3 13 


49 


45 


20 


« 9 


16.4 


1.09 


20 


8 44.4 


7.52 


.458 


15 


22 40 


48 


44 


80 


7 58 


16.0 


1.06 


80 


S41.8 


7.43 


.453 


20 


22 8 


4e 


42 


40 


7 47 


15.7 




40 


3 39.2 


7.34 


.448 


25 


21 .{7 


45 


40 


50 


7 87 


15.S 


i!oo 


50 


8 86.7 


7.26 


.444 


SO 


21 7 


44 


"9 


7 


7 27 


15.0 


0.98 


15 


8 34.8 


7.18 


.439 


85 


-0 88 


48 


38 


K 


7 17 


14.6 


.95 


30 


3 27.3 


6.95 


.424 


40 


20 10 


42 


36 




7 & 


14.8 




16 


8 20.6 


6.78 


.411 


4o 


19 4-. 


40 




30 


6 59 


14.1 


.91 


30 


8 14.4 


6.51 


.399 


50 


!<» 17 


34 


34 


40 


6 51 


13.8 




17 


8 8.5 


6.81 


,886 


bl 


18 02 


89 


33 


50 


6 43 


18.6 


!87 


30 


3 2.9 


6.12 


.874 


2 


18 20 


38 


32 


8 


6 85 


13.3 


.86 


18 


2 57.6 


5.94 


362 


5 


18 J 


87 




10 


6 28 


18.1 


.88 


19 


2 47.7 


5.S1 


!840 


10 


17 48 


3b 


30 


20 


6 21 


12.8 


.82 


20 




5.31 


.822 


15 


17 21 


3b 


29 


30 


6 14 


12.6 


.80 


21 


2 80.6 


6.04 


.806 


21 


17 


35 


28 


40 


6 7 


12.8 


.79 


22 


2 23.2 


4.79 


.290 


25 


16 40 


84 


28 


60 


6 


12.1 


.77 


28 


2 16.5 


4.57 


.276 


80 


IG 21 


33 


27 


9 Q 


5 54 


11.9 


.76 


24 


210.1 


4.35 


.264 


ao 


If. 2 




27 


10 


5 47 


11.7 


,74 


25 




4.16 


.252 


40 


16 45 


82 


26 


20 


5 4] 


11.5 


.78- 


26 




3,97 


.241 


45 


15 20 


32 


25 


80 




11.8 


.72 


27 


158.8 


8.81 


.230 


fO 




31 


24 


40 


5 a{ 


11.1 


.71 




149.1 


3.65 


.219 


5o 


14 51 


80 




50 


6 25 


11.0 


.70 


29 


144.7 


8.50 


.209 


3 


14 35 


30 


23 


10 


5 20 


in.8 


.69 


80 


140.5 


3.36 


.201 


5 


11 1<J 


2^ 


22 


11 


5 15 


10.6 


.67 


81 


186.6 


3,23 


.193 


111 


14 4 


2! 


22 


20 


5 10 


10.4 


.65 


32 


138.0 


8.11 


.186 


15 


13 50 




21 


30 


6 5 


10.2 


.64 




129.5 


2,99 


.179 


2( 


18 86 


2( 


21 


40 


5 


10.1 




34 


126.1 


2.88 


.178 




U 21 


27 


20 


50 


4 66 


9.0 


.63 


85 


123.0 


2.78 


.167 


sr 


IS 7 


27 


20 


11 


4 51 


9.8 


.60 


36 


1 20,0 


2.68 


,161 


35 


12 53 




20 


10 


4 47 


9.6 


.69 


87 ( 


117.1 


2,58 


.155 


4r 


12 41 


2( 


19 


20 


4 43 


9.5 


.58 


38 


114,4 


2.49 


,149 


i 


12 28 


25 


I 9 


30 


4 .19 


9.4 


.57 




111,8 


2.40 


.144 


50 


U If 


2j 


19 


40 


4 35 


9.2 


.56 


40 


1 9.8 


2.32 


.139 


55 


12 3 




18 


5n 


4 31 


9,1 


.56 


41 


1 9.9 


2.24 


.134 


4 


11 52 


"i 


17 


12 


4 2R 


9.0 


.58 


42 


1 4.6 


2.36 


.ISO 



, Google 



Auronomical lie/racttons. 























PiR 


DiO. 


















































49, 


r 4fl 


2.16 


O.ISO 


fifi 


36 4 


1.22 


0.078 


74 


166 


0,ft6 


0.08S 


4K 


1 '14 


2.09 


.125 


r-i 


35 


1.17 


.070 


7^ 


i:-f> 


.52 


.031 


44 


1 <IK 




.120 












144 


.48 


029 


4ft 


lfiK.1 


I.Hft 


.116 


(11 


3'^ 3 


1.08 


Ofi.'. 


77 


13,4 


.45 


.027 


4« 


lf.H 1 




.112 




HI 


1.04 


.092 


7M 


l'^3 


.41 


.025 


47 


U54.2 


1.81 


.108 


03 


a9.7 


.99 


.060 


79 


11.2 


.88 


.028 


4R 


OfttR 


1.75 


.104 


64 


')H4 


.95 


.057 


RO 


10?, 


.34 


0.1 


W^ 


fil).f) 


l.liH 


.101 


fifi 


«« 


.91 


im 


HI 


•A.-/ 


,31 


.018 


Wl 


4R.f 


1.63 


.097 


HH 


■WO 


.87 


.062 


m 


«« 


.27 


.016 


lil 


47 1 


1.68 


.094 


17 


'M7 








7 1 


.24 


.014 


fia 


4ft.^ 


1.52 


.090 


HK 


■^H.fi 


.79 


.047 


fi4 


61 


.20 


.012 


53 


43.8 


1.47 


.088 


By 


;j2.4 


.75 


.045 


&!j 


6.1 




.010 


t;4 


D4'^' 


1.41 


.085 


70 


^,1 ? 


.71 


.048 


fl6 


41 


.14 


.008 




411 f 


1.39 






149 








3 1 


.10 


.006 


•w 


KH! 


l.HI 


.m 


7'^ 


IMH 


.68 


03S 




2.1 


.07 


.004 


hV 


R7.t 


^.9:l^ 


.076 




IV V 


.59 


.036 




1.0 


.08 


.002 


&b 


ati.4 


1.22 


.073 


74 


16.6 


M 


.088 


90 


0.0 


.00 


.000 



TABLE Tin. 

Sun's Parallax in AMtade. 
Aeocments. Sun's Semi-diameter at top and Altitude at side. 





15' 40" 


15' 50" 


16' 0" 


16' 10" 


16' 20" 




8.4 


3.5 


s'e 


8.7 


8.7 












8.7 


10 


8.3 


8,4 


8.4 




8.6 


Ift 


8.1 


8.2 


8.3 


8.4 


8.4 


20 


7.9 


8.0 


8.1 


8.1 


»■« 


i>5 


7.6 


7.7 


7.8 


7.8 


7.9 




7,3 




7.4 




7.6 


35 


6.9 


6.9 


7.0 








6.4 


6.5 






6.7 


46 


5.9 


6.0 


6.1 


6.1 


6.2 


fiO 


5.4 


5.5 


5.5 


5.6 


5.6 


5f^ 


4.8 


4.9 


4.9 


5.0 


5.0 


60 


4.2 


4.2 


4.3 


4.3 


4.4 


6h 


8.5 


8.6 






3.7 


70 


2.9 


2.9 


2.9 


S.O 


8.0 


75 


2.2 


2.2 


2.2 


2.2 


2.3 










1.5 


1.5 


R5 


0.7 


0.7 


0.7 


0.8 


0.8 


90 


0.0 


0.0 


0.0 


0.0 


0.0 



, Google 



^iffht Asceiuions and Dedmadons of dO principal fixed Stars for 
January 1, 1850. 



No. 


star's Kame. 


SiBg. Riglit Ascen. 


Ann. ya. 


D^dinMi™. 


Ano, Var. 


, 




2 038.51 


\. 3.082 


+28 15 43.8 


+19.90 


•'. 


a TJis Mm {Folaw) 


2 


1 5 1.30 


-17.554 


+88 3034.B 


-19.25 








1 58 43.60 




+22 45 1.7 








,^H 


2 54 26.52 




+ 3 29 51.0 




5 


« Tann {^irfe'oron) 


1 


42719.04 


- 8.488 


+1612 10.8 


-- 7.72 










- 4.418 


+45 50 20.7 


-. 4.29 


T 


i Urioma (fiy'ei) 


1 


5 719.81 


. 2.880 


— 8 22 46.2 


- - 4.54 


M 


STaun 










- - S.55 






•i 


58418.17 




—34 9 24.E 




10 


* Orioma 


1 


5 47 3.11 


- 8.246 


+ 7 22 28.6 


- - 1.13 


n 




1 


688 82.15 


■ 2.644 


--16 30 68.f 


— 4.60 


1,1 


« f flnis Mm (JVo<^™) 


1 




■ 8.146 


+ 5 3616.^ 


— 8.86 


irt 


e Uemmor (P<,mx) 


:i 


7 36 7.73 




+2823 0.1 


— 8.28 


14 


X. Hjdrffl 




9 2012.88 


- 2.947 


— 8 041.1 


—15.85 


ib 


a Lennjs [Rru/ulu') 


1 


XO 22.64 


- 8.202 


+12 41 53.2 


—17.36 


IR 






11 41 24.22 


- 3.085 


+15 24 37.( 


—20.09 


17 








- 3.149 


-10 22 87.8 




IK 






14 849.22 


- 2.788 


+19 57 56.1 


—18.96 


IM 




2K 


14 42 85.84 


- 8,306 


—15 24 54.9 


—15.28 


m 


& Urseo Minons 


lia 


14 5111,06 


— 0.271 


+7446 5.4 


—14.76 


9.\ 


S Libne 


•/ 


15 8 56.39 


- 3.220 


- 8 49 88.0 


—18.61 






a 


1628 20.24 


- 2.537 


+27 13 21.3 


—12.89 


^a 






1556 43.27 


- 3.478 


—19 23 25.6 


—10.20 


2a 


* Soorpii (Antare!) 


1 
1 


162013.11 
18 8151.58 


- 8.6S8 

- 2.080 


—26 5 40.3 
+38 88 47.9 


— aso 

+ 3,05 




I Aquilte [AUair) 


1 '/. 


19 43 27,85 


- 2.92S 


+ 8 28 82.5 


- - 6.12 


27 




1 i 


203619.18 


- 2.042 


+44 44 46.4 


- -12.63 


M 


a Aiuani 


.1 


3158 4.66 


- 3.088 


— 1 2 48.6 


- -17.26 




« Pis Aus {F^malkxiU 


1 


22 49 21,25 


- 3.335 


—3025 a.H 


--18.88 


„U 


a Pi-gaai (j«flr*oft) 




22 57 17.52 


- 2,982 


+ 14 23 67.8 


--19,29 





1 Yoar, 


Right AwenaloD. 


Ann. Vm, 




Aon. Var. 


2 




1840 


1 2 10.68 


4-16.501 
17.554 
18,784 


88 27 21.9 
88 30 34.9 
88 83 47.6 


+19.82 
19.25 
19.16 




1860 


1 8 1.73 



Y^r. 





L„g,M 


H 


Loi5,N 


»- 


LoF. HI- 


w 


Los, N' 


1840 
1850 
1860 


253 22 
251 84 


1.6679 
1.6833 
1.6995 


166 17 
165 36 
164 53 


1.3050 
1,8048 
1.3045 


255 41 
255 14 
254 45 


1,3557 
1.3704 
1.8855 


159 31 
158 3T 
157 40 


0.8487 
0,8498 
0.8510 



, Google 



Consfanls for Oie Aberration and Nutatwn in Right Ascenswa and 
Declination. 





Abertatloc 


Butallon. j 


No, 


* 


Log.m 


3 


W.«. 


«■ 


Log.m' 


a- 


W.,. j 


1 


269 58 


0.1501 


216 34 


1.0785 


197 22 


"0.0484 


180 3 


0.8366 


2 


258 8 


1.6679 


166 17 


1.3050 


255 41 


1.3557 


159 81 


0.8487 


3 




0.1400 


209 51 


6.8066 


191 1 


0.0685 


142 iS 


0.8754 




224 8 


0.1146 


268 3 


0.8675 


181 26 


0.0310 


128 8 


0.9067 


6 


201 34 


0.1448 


283 18 


0.674] 


188 26 


9.0714 


107 47 


0.9490 


6 


102 41 


0.2376 


115 17 


0.9108 


185 41 


0.1817 


100 21 


0.9592 


7 


192 13 


0.1355 


273 40 


1.0291 


178 48 


9.9962 


99 68 


0.9695 


8 


190 4 


0.1874 


138 48 




182 48 


0.1138 


98 12 


0.9612 


9 


186 


0.2146 


274 22 


l!2325 


176 21 


9.8736 


94 58 


0.9635 


10 


188 6 


0.1362 


268 27 


0.7539 


180 14 


0.0469 


92 31 


0.9644 


11 


171 15 


0.1500 


265 47 


1.1153 


181 52 


9.9646 


82 68 


0.9621 


12 


158 59 


0.1296 


276 64 


0.8078 


178 47 


0.0401 


72 41 


0.9498 


13 


157 54 


0.1827 


14 14 


0.6069 


174 


0.1097 


71 45 


0.9488 


14 


132 31 


0.1158 


257 26 


0.9971 


188 43 


0.0066 


48 29 


0.8991 


18 


122 13 


0.1161 


303 39 


0.8462 


178 47 


0.0465 


37 50 


0.8765 


16 


95 12 


0.1115 


306 11 


0.9621 


170 57 


0.0328 


6 24 


0.8378 


17 


69 13 


0.10G7 


248 22 


0.8859 


185 86 


0.0863 


334 57 


0.8547 


18 


55 39 


0.1385 


298 12 


1.0968 


168 68 


9.9932 


319 54 


0.8810 


19 


47 2 


0.1276 


228 16 


0.7898 


186 27 


0.0683 


841 4 


0.9001 


20 


44 48 


0.6950 


346 5 


1.3087 


86 62 


0.2210 


338 47 


0.9052 


21 


40 27 


0.1212 


250 19 


0.7985 


183 21 


0.0447 


884 41 


0.9145 




35 89 


0.1703 


392 23 


1.1785 


167 21 


9.9496 


300 12 


0.9246 


28 


28 50 


0.1487 


213 57 


0.6219 


185 19 


0.0783 


294 5 


0.9875 


24 


28 15 


0,1730 


177 43 


0.5796 


185 48 


0.1017 


289 14 


0.9466 


25 


852 45 


0.2393 


264 22 


1.2545 


185 87 


9.8423 


264 8 


0.9629 


26 
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For con.vertmff Intervals of Mean Solar Time into equivalent Interrals of 
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9.99865 


90 


0,0 


10.Q 


11.4 


12.2 


9.90855 



Abo 


Geog. 


Latitude, 


A^ 


Log. I 


Log.S' 


0" 


0.00000 


9.99710 


2 


0.00000 


9.90710 


4 


0.00001 


9.99711 


6 


0.00002 


9.99713 




0.00008 


9.99718 


10 


0.00004 


9.00714 


12 


O.OO006 


9.99716 


14 


0.00008 


9.99718 


16 


0.00011 


9.09721 


18 


0.O0OU 


9.99724 


20 


0.00017 


9.99727 


22 


0.00020 


9.99780 


24 


0.00024 


9.99734 




0.00028 




28 


0.00032 


9.99742 


80 


0.00086 


9.99746 


32 


0.00041 


9.99761 


84 


0.00046 


0.99765 


30 


0.00050 


0.99760 


88 


0.00055 


9.99765 


40 


0.00060 


0.09770 


42 


0.00005 


9.99775 


44 


0.00070 


0.99780 


46 


0.00075 


0.09785 


48 


0.00080 


9.99790 


50 


0.00085 


9.99705 


52 


0.00090 


0.99800 


54 


0.00095 


0.99805 


56 


O.OOIOO 


9.99810 


58 


0.00105 


9.99815 


60 


0.00109 


0.99819 


62 


0.00113 


9.90823 


64 


0.00117 


9.99827 


66 


0.00121 


9.99881 


68 


0.00125 


9.99835 


70 


0.00128 


9.99888 


72 


0.00131 


9.90841 


74 


O.O0134 


9.90844 




0.00137 


0.99847 


78 


0.00139 


9.99840 


80 


0.00141 


9.98851 


82 


0.00143 


9.99853 


84 


0.00143 


9.99853 


80 


O.00J44 


9.99854 




0.00145 


0.90855 


00 


0.00145 


9,99855 
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TABLE XTIII. 



Mean Nsie JUbons and arguments, in 


Jaw 


(fflry. 




Mean Now 














Moon in 


^■ 


n. 


IIL 


ly. 


K. 
















1831 


2 17 59 


0092 


7859 




78 


828 


1822 


21 16 32 


0602 


7182 


78 


66 






11 20 


0304 


5787 


61 


65 


953 


1824 B. 


29 21 53 


0814 


5110 




43 


O60 


1825 


18 6 41 


0516 


8716 


42 


82 


083 


1826 


7 15 30 


031S 


2321 


25 


31 


105 


1827 


26 13 3 


072« 


1644 


24 


09 


218 


1828 B. 


15 21 51 


■ 0430 


0250 


07 




285 


1829 


4 6 40 


0131 


8855 


90 


87 


257 




23 4 12 


0642 


8178 






365 


1831 


12 13 1 


0343 


6784 


71 


64 


387 


18S2 B. 


1 21 50 


0045 


5389 


54 


63 


409 




19 19 22 


0555 


4712 


53 


42 


617 


1884 


9 4 11 


0257 


3818 


86 


31 


589 


1835 


28 1 43 


0768 


264! 


34 


19 


i647 


1836 B. 


17 10 32 


0469 


1246 


17 


08 


669 


1837 


6 19 20 


0171 


9852 


00 


97 


692 




24 16 58 


0681 


9175 


99 




799 


1839 


14 1 43 


0883 


7780 


82 


74 


823 


1840 B. 


8 10 80 


0085 




65 


63 


844 


1841 


21 8 3 


0595 


5709 


63 


51 


961 


1842 


10 16 51 


0297 


4814 


46 


40 


974 


1843 


29 14 24 


0807 


3637 


44 


38 


081 


1844 B. 


18 23 13 


0509 


2243 


28 


17 


104 


1845 


7 8 1 


021! 


0848 


!! 


06 


126 


1846 


26 5 34 


0721 


0171 


09 


94 


234 


1847 


16 14 22 


0423 


6777 


92 


84 


266 


1846 B. 


4 23 11 


0125 




75 


78 


278 




23 20 43 


0635 


6705 


73 


61 




1850 


12 6 82 


0387 


5311 


66 


60 


408 


1861 


1 14 21 


0038 


8916 


40 


3S 


431 


1852 B. 


20 11 53 


0549 


3289 




37 


588 


1853 


8 20 42 


0251 


1845 


21 


16 


560 


1854 


27 18 14 


0761 


1168 


19 


04 


668 


1855 


17 3 3 


0468 


9773 


02 


93 


690 


1856 B. 


6 11 51 


0164 


8879 


86 


82 


713 


1857 


24 9 24 


0675 


7703 


84 


70 


820 




13 18 13 


0376 


6307 


67 


59 


843 


1859 


3 3 1 


0078 


4913 


50 


48 


865 


1860 B. 


22 34 


0588 


4236 


48 


36 


972 


1861 


10 9 22 


O290 


2840 


81 


25 


995 


1862 


29 6 65 


0800 


2163 




14 


102 




18 15 44 


0504 


0769 


13 


03 


125 


1864 B. 


8 32 


0204 


9374 


96 




147 




25 22 6 


0714 


8698 


94 


80 


256 


1865 


15 6 63 


0416 


7303 


77 


69 


277 


1867 


4 15 42 


0118 


6909 


60 


58 


299 




23 13 14 


0628 


5231 


59 


46 


407 






0330 


3837 


42 


35 


429 


1870 


1 6 51 


0032 


2442 


25 


24 


451 
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TABLE SIX. 



Mean JAinations and Change in Argumenla. 



Ham. 


LunaHons. 


I. 


II, 


III. 


IT. 


K. 






























1 


29 12 44 


HON 


717 


15 






y 


59 1 38 


1617 


UM 


K1 


fl« 


170 






.2425 


2151 


4H 


97 


256 


i 


118 2 56 


3234 


2869 


til 


96 


341 


c 


14T 15 id 


4042 


3586 


7fi 


H5 


426 


(1 


177 4 24 


4K51 


4:m 


m 


95 


511 






5659 


6020 


7 


M 


596 


H 


236 5 62 




6737 


y'^ 






u 


265 18 3S 


7276 


6454 


S7 


9a 


767 






8085 


7171 


5S 


<tl 


852 


11 


334 20 6 




7K89 


HK 


HI) 


937 


IV, 


364 8 4B 


9702 


Hm 


HR 


K9 


22 


13 


ass 21 83 


510 


9323 


98 




108 



Number of Dai/s from (he comrmnce-menA of the year to tin first of 
each month. 



MoDthH. 


G«D. 


Bis. 


Febrnary.. 
March 


81 
59 
90 
120 
151 
181 
212 
24B 

304 
334 


31 

60 
91 
121 
162 

182 
213 
244 
274 
305 
335 


June 

J"iy 

August..... 

Ootober. ... 
Noyember. 
December, 



, Google 



TABLE XXI. 







Eguations far 


Neie and Full Mom. 






Ar^. 


I. 


n. 


Arg. 


I. 


II. 


Arg. 


III. 


IV. 


An?. 






















OOO 


4 20 


id id 


5000 


4' 20 


10 10 


25 


3 


31 


25 


100 


4 36 


9 30 


5100 


4 5 


10 50 






81 


24 


200 


4 52 


9 2 


5200 


3 49 


11 80 


27 


3 


30 


23 


300 


6 8 


8 28 


5300 


3 34 


12 9 


28 




30 




400 


5 24 


7 55 


5400 


8 19 


12 48 


29 


3 


30 


21 


500 


6 40 


7 22 


5500 


8 4 


13 26 


30 


8 


80 


20 


eoo 


5 56 


6 49 


5600 


2 49 


14 8 


81 


3 




19 


700 


6 10 


6 17 


5700 


2 35 


14 39 


32 


4 


30 


18 


800 


6 24 


5 J6 


5800 


2 21 


15 13 




4 


29 


17 


900 


6 38 


5 15 


5900 


2 8 


15 46 


84 


4 


29 


16 


1000 


6 51 


4 46 


600O 


1 B6 


16 18 


35 


4 


20 


IS 


IIOO 


7 4 


4 17 


6100 


1 42 


16 48 




6 


28 


14 


1200 


7 15 


8 50 


6200 


1 81 


17 !6 


37 


6 


28 


18 


1300 


7 27 


8 24 


6300 


1 19 


17 42 






27 


12 


1400 


7 37 


2 59 


6400 


1 9 


18 6 


89 


5 


27 


11 


1500 


7 47 


2 35 


6500 


59 


18 28 


40 


6 


26 


10 


1600 


7 55 


2 14 


6600 


50 


18 48 


41 




26 




1700 


8 S 


1 5S 


6700 


42 


11} 6 


42 


7 


26 


8 


1800 


8 10 


1 35 


6800 


84 


19 21 


43 


7 


25 




1900 


8 16 


1 18 


6900 


28 


19 33 


44 


7 


24 


6 


2000 


8 21 


1 8 


7000 


22 


18 44 


45 


8 


23 


5 


2100 


8 25 


6i 


7100 


17 


19 52 


46 


8 


23 


4 




8 29 


40 


7200 


14 


19 57 


47 


9 


22 




2300 


8 31 


32 


7300 


1! 


20 


48 


9 


21 




2400 


8 32 


25 


7400 


9 


20 1 


49 


10 


21 


1 


2500 


8 32 


21 


7500 


8 


19 59 


60 


10 


20 





2600 


8 31 


19 


7600 


8 


19 55 


51 


10 


19 




2700 


8 29 


20 


7700 


9 


19 48 


52 


11 


19 


98 


2800 


8 26 


28 


7800 


11 


19 40 


53 


11 


18 


97 


2900 


8 23 


28 


7900 


15 


19 29 


54 


12 


17 


96 


3000 


8 18 


36 


8000 


19 


19 17 


55 


12 


17 


95 


3100 


8 12 


47 


8100 


24 


19 2 


56 


18 


16 


94 


8200 


8 6 


59 


8200 


30 


18 45 


67 


13 


16 


93 


8800 


7 58 


1 14 


8300 


37 


18 27 


58 


18 


15 


92 


3400 


7 50 


1 82 


8400 


45 


18 6 




14 


14 


91 


E500 


7 41 


1 52 


8500 


53 


17 46 


60 


14 


14 


90 


8600 


7 31 


2 14 


8600 


1 3 


17 21 


61 


15 


13 




3700 


7 21 




8700 


1 13 


16 56 




15 


13 


88 


8800 


7 9 


3 4 




1 25 


16 SO 


63 


15 


12 


87 


8900 


6 58 


3 32 


8900 


1 36 


16 3 


64 


15 


12 


86 


4000 


6 45 


4 2 


9000 


1 49 


15 34 


65 


16 


11 


86 


4100 


6 32 


4 34 


9100 


2 2 


16 6 


66 


16 


11 


84 


4200 


6 19 


5 7 


9200 


2 16 


14 34 


67 


16 


11 




4800 


6 5 


5 41 


9800 


2 30 


14 3 




16 


10 


82 


4400 


5 51 


6 17 


9400 


2 45 


13 SI 


69 


17 


10 


81 


4500 


5 36 


6 64 


9500 


3 


12 58 


70 


17 


10 


80 


4600 


5 21 


7 82 


9600 


3 16 


12 25 


71 


17 


10 


79 


4700 


5 6 


8 11 


9700 


8 82 


11 52 


72 


17 


10 


78 


4800 


4 51 


8 50 


9800 


3 48 


11 18 


73 


17 


10 


77 


4B00 


4 85 


9 80 


9900 


4 4 


10 44 


74 


17 


9 


76 


5000 


4 20 


10 10 


10000 


4 20 


10 10 


75 


17 


9 


75 



I io»di,, Google 



TABLE XXn. 







Sm's Epoclu 










iear. 


U tqng 


Long Perig 


I 


ir 


nr. 


s. 


18^1 


J 8=48 19 


9'7''j0 43 


9.0 


782 


260- 


036 


1&22 


9 8 34 


9 7 51 4d 


280 


b97 


886 


090 


182a 


9 8 19 40 


9 7 52 47 


640 


612 


511 


143 


182iB 


n q 4 29 


9 7 63 49 


034 


530 


138 


197 


1825 


9 8 50 U 


9 7 54 61 


394 


445 


763 


251 


182P 


9 8 35 4q 


9 7 55 52 


-54 


360 


388 


804 


1827 


■i 8 21 =0 


9 7 66 54 


111 


275 


013 




1828 E 


9 9 b 18 


9 7 '■i7 50 


508 


J92 


640 


412 


1829 


9 8 51 5^ 


9 7 6b 5S 


808 


107 


265 


466 


1830 


9 8 37 39 


9 8 


228 


022 


890 


619 


1831 


9 8 23 If 


9 8 12 


588 


937 


515 


573 


1832 B 


'19 8 8 


9 8 2 4 


982 


855 


112 


627 


I83o 


9 8 5S 49 


9 S 3 6 


(.42 


770 


767 


681 


18"! 


9 & 39 -9 


9 8 4 S 


702 


C84 


392 


734 


1835 


98 25 


9 8 5 10 


002 


600 


017 


788 


183tiB 


9 9 10 B 


98 7 2 


456 


517 


644 


842 


18."7 


9 8 55 4b 


9 8 8 3 


816 


432 


269 


896 


18'8 


9 8 41 -7 


9 8 <> 4 


17P 


347 




949 


18rj 


9 8 27 7 


9 8 10 b 


536 


262 


619 


003 


1840 B 


9 9 11 56 


9 8 11 8 


930 


180 


146 


066 


ISil 


9 8 57 87 


9 8 12 9 


290 


095 


771 


110 


1842 


9 8 43 17 


9 8 13 11 


650 


009 


397 


164 


1843 


9 8 S8 9 


9 8 14 12 


010 


925 


021 


318 


1844 B 


9 9 13 47 


9 8 1" 14 


404 


843 


648 


272 


1843 


9 8 59 27 


■1 8 If 18 


764 


757 


273 


825 


1846 


8 45 8 


9 8 17 1- 


124 


673 


897 


379 


IW 


9 S 30 48 


9 8 18 19 


484 


588 


623 


133 


1H48B 


1 9 la 37 


9 8 19 „0 


878 


505 


151 


487 


1849 


9 9 11- 


9 8 20 2. 


238 


420 


775 


540 


1850 


6 8 46 58 


9 & 21 23 


598 




400 


594 


1851 


9 8 82 39 


9 8 23 24 


958 


250 


025 


948 


1852 B 


9 « 17 27 


9 8 21 ^6 


353 


168 


653 


701 


1853 


9^38 


9 8 24 27 


718 


083 


277 


765 


1854 


9 8 48 48 


9 8 26 ^9 


073 




902 


809 


18o5 


9 8 84 29 


9 8 -6 30 


483 


913 


527 


863 


18jbB 


t 9 19 18 


9 8 27 82 


827 


832 


153 


916 


IWT 


9 458 


9 8 28 84 


187 


746 


779 


970 


1858 


S 8 50 89 


9 8 29 35 


517 


661 


404 


024 


18 ji* 


9 8 80 19 


9 8 30 37 


907 


576 




078 


1860 B 


9 21 8 


9 8 31 o8 


301 


494 


656 


131 


1861 


9 9 6 49 


9 a ,2 39 


fH 


409 


281 


185 


18b2 


9 8 52 2'> 


9 8 33 41 


021 


824 


906 




1RP3 


9 8 38 10 


9 9 34 42 


381 


239 


530 


292 


18)4 B 


9 9 22 58 


9 8 35 44 


rt> 


167 


167 


346 


18b5 


9 9 8 39 


9 8 Sb 45 


135 


072 


783 


400 


1S66 


9 8 54 20 


9 8 37 47 


495 


985 


408 


468 


18b7 


9 8 40 


J b !8 49 


8j6 


902 


033 


507 


186tB 


9 9 24 49 


9 8 39 50 


249 


820 


669 


561 


186^ 


9 9 10 30 


9 8 40 52 


609 


731 


285 


615 


1870 


9 8 56 10 


9 8 41 53 


909 


649 


910 




1882 


9 9 1 41 


9 8 54 )0 


391 


638 


416 


313 
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TABLE XSm. 



Sun's Motions for Months, Dayn, and Ihurs. 



M™.h» 


L.ngil, ie 


Ih: 


I 


IT HI 1 


N 


Jan 


IBia 


0" 

11 29 52 





9Cb 


0^ 
997 





T 




Feb 


tcom 
i,Bifl 


1 J3 18 


5 


47 


78 


53 


4 


29 34 10 


6 




75 


61 


4 


Maroh 




1 28 9 11 


10 


898 


148 


101 





April 




2 28 42 30 


IK 


42 


226 


164 


13 


May 




8 28 lb 40 


20 


59 


301 


206 


18 


June 




4 28 49 58 


26 


110 


379 


259 


22 


July 




5 28 24 8 


31 


129 


454 


310 


27 


August 




b 28 67 26 


36 


182 


631 


368 


31 


September 




7 _9 30 4J 


IT 


~m 


l09 


416 


3b 


October 




8 29 4 54 


46 


260 


684 


468 


40 






9 29 38 12 


52 


800 


763 


521 


45 


Deoamljei 




10 20 12 22 


57 


313 


887 


573 


4d 


Dms 


Lou 


Kitale |P"v 


I 


II 1 111 1 


"(T 


Il™r- 


tons 


~T~ 




"~0° 






















i 28 


1 





1 


69 8 
58 17 






34 




g 






3 


4 f6 
7 23 


4 




2 


S7 23 





101 


8 


5 





4 


9 61 






3 


5b Si 


1 


llo 


10 


7 


1 


5 


12 19 


' 




4 


55 42 


1 


IfO 


15 


t* 




6 


14 47 


g 




6 


51 50 


1 


203 


15 


10 




7 


17 15 


10 




G 


bl 58 


1 


286 


18 






8 


19 43 


11 




7 


58 7 




270 


20 


14 




9 


22 11 


13 




8 


52 16 


1 


804 


28 


16 




10 


24 38 


14 




9 


51 23 


2 


388 


2r. 


17 


1 


11 


27 6 


li. 




10 


50 32 




371 


28 


19 


3 


12 


29 34 


17 




U 


19 40 


2 


405 


SO 


21 


2 


n 


u2 2 


18 




12 


48 48 


2 


439 


83 






14 


84 30 


20 




13 


47 57 




473 


3o 


24 


2 


15 


36 58 






14 


47 S 


", 


606 


3S 


2f 


2 


16 


3<t 26 


28 




15 


4(> 13 




^10 


40 


27 




17 


41 53 


24 




16 


4j 22 


3 


574 


43 


29 




18 


44 21 


25 


20 


17 
18 


44 30 
43 38 


3 


f(l8 


4t> 
4b 


31 


3 
3 


1) 


16 49 
49 17 


27 


21 


19 


42 47 


g 


675 


t>0 


34 


^ 


21 


51 4^ 


=0 




20 


41 55 


4 


709 


53 






22 


51 \■^ 






21 


41 3 


4 


741, 


65 




3 


23 


r6 40 


32 


24 


23 


40 12 


4 


777 


59 


39 


3 


24 


64 6 


34 


35 


23 


39 20 


4 


810 


bO 


41 


4 








2S 


24 


38 28 


4 


844 


68 


43 


4 








27 


25 


37 S7 


1 


878 




45 


4 








28 


26 


36 45 


e 


912 


68 


4b 










29 


27 


35 53 


5 


945 


70 


48 


4 








30 


a8 




5 


979 [ 73 


50 


4 








31 


2y 


34 ]0 .", 


13 1 75 


51 


4 
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TABLE XXIV. 



Sun's Motions for Minutes and Seconds. 



Min. 


Lonj. 


MlD. 


Ion,,. 


MlD. 


IflUg. 


seo. 


i..,.\ 


1 


0' 2" 


«i 


0' 62" 


41 


1' 41" 


1 


0" 




5 


:W 


64 


4'^ 


1 43 








7 


■ffl 


67 


43 


1 4(i 


1'^ 





■» 


10 


24 


59 


44 


1 48 






^ 


12 


2!i 


1 2 


4b 


1 SI 


i3 


1 


6 

7 


15 
IT 


26 

27 


1 4 

1 7 


46 
47 


1 53 
1 50 


36 


1 


K 


20 


'/K 


1 9 


4M 


1 58 


37 


2 




22 


•l.'.\ 


1 11 


411 


2 1 






10 


26 


m 


1 14 


&U 




m 


2 


11 


27 


n 


1 16 


51 


? r> 






IV, 


30 


;ri 


1 19 


W, 


2 8 






IK 


B2 




1 21 


6K 


2 11 








34 


H+ 


1 24 


.14 


y 13 






lb 


87 


8b 


1 26 


bb 


2 16 






Ifi 


S9 


Rfi 


1 29 


fifi 


2 18 






17 


42 






fi7 


2 20 






1H 


44 


KM 


1 84 


Wt 


2 2;! 






in 


47 


H9 


1 38 


f>H 


2 25 






ytl 


49 


4U 


I SO 


60 


2 28 







TABLE XXV. 

Swn's Morary Motion. 

Aegument, Sun's Jlean Anomaly. 



o- 


I- 


II" 


iil» 


IV. 


V. 




0° 2'8S" 
10 a 33 
20 2 83 
30 2 32 


2' 82" 
2 82 

2 81 

3 30 


2'80" 
2 29 
2 29 
2 28 


2^28" 
2 27 
2 26 
2 25 


2' 25" 
2 25 
2 24 
2 24 


2' 24" 
2 28 
■i 23 
2 23 


30» 
20 
10 



XI' 


X- 


IK. 


vin. 


VII. I Vf 





TABLE XXVI. 

Swi^B Semi Diameter. 

Akgumbnt. Sun's Mean Anomaly. 





•)• 


I. 


II. 1 !IT> 


IV. 


V. 




0° 
10 

so 


16' 18" 
16 18 
16 17 
16 15 


16' 16" 
16 14 
16 12 
16 9 


16' 9" 
16 7 
16 4 
16 1 


16' 1" 
15 58 
15 66 
15 63 


15' 58" 

15 51 

16 49 
15 48 


15' 48" 
16 46 

15 46 

16 45 


'I 




XI- 


X. 


IX' 


¥111. 


VJI. 1 VI. 





„ Google 



TABLE XXVII. 



Equation of the Sitn's Centre. 
Argument. Sun's Mean Anomaly. 



1 »■ 


1-. 


I1-. 


m. 


IT, 


T-. 


0° 


1=59' 30" 


2=58' 15" 


S'>i(y 27" 


8=64' 60" 


S'-SS' 21" 


2=56' 9" 


1 




3 


8 41 25 


3 54 47 


3 37 18 


2 54 25 


2 


2 3 37 


8 1 44 


3 42 21 


3 54 41 


8 86 14 


2 52 40 


3 


2 5 40 


3 8 27 


8 43 15 


3 54 83 


3 35 8 


2 60 54 


4 


2 7 43 


3 5 


3 44 8 


8 54 28 


3 34 1 


2 49 8 


5 


2 9 46 


8 6 49 


8 U 68 


3 54 11 


8 82 61 


2 47 20 


6 


2 11 42 


3 8 28 


3 45 47 


8 68 57 


3 31 41 


2 45 32 


7 


2 13 61 


3 10 6 


8 46 83 


3 53 41 


3 80 28 


2 43 43 


g 


2 15 54 


3 11 43 


8 47 17 


8 53 23 


3 29 14 


2 41 68 




2 17 56 


8 13 18 


3 48 


8 68 3 


8 27 68 


2 40 8 


10 


2 19 67 


3 14 51 


8 48 40 


3 62 40 


3 26 41 


2 88 11 


11 


2 21 68 


3 16 24 


3 49 18 


8 62 16 


3 25 22 


2 36 19 


12 


2 28 69 


3 17 54 


3 49 65 


3 51 50 


3 24 2 


2 34 27 


18 


2 25 59 


8 19 24 


8 50 29 


8 61 21 


3 22 40 


2 32 34 


14 


2 27 59 


3 20 61 


3 51 1 


3 50 51 


3 21 17 


2 80 40 


15 


2 29 58 


8 22 18 


3 51 31 


3 60 18 


8 19 62 


2 28 46 


IS 


2 81 67 


3 28 42 


3 51 50 


8 49 44 


3 18 26 


2 26 62 


IT 


2 33 55 


8 25 5 


8 62 25 


3 49 7 


8 16 58 


2 24 56 


18 


2 86 52 


3 26 26 


3 52 49 


3 48 29 


3 15 30 


2 28 


Ifi 


2 37 49 


8 27 46 


3 63 10 


3 47 49 


8 14 


2 21 4 


20 


2 39 46 


3 29 4 


3 58 80 


3 47 7 


3 12 28 


2 10 8 


21 


2 41 40 


8 30 20 


3 53 47 


8 46 22 


3 10 55 


2 17 11 


22 


2 43 34 


8 81 85 


8 64 3 


3 45 36 


3 22 


2 15 14 




2 45 28 


3 32 4R 


3 54 16 


8 44 48 


8 7 46 


2 13 16 


24 


2 47 20 


8 33 59 


3 54 27 


3 43 68 


3 6 10 


2 11 19 


25 


2 40 12 


3 86 8 


8 54 86 


8 43 7 


3 4 38 


2 9 21 


26 


2 61 2 


8 36 16 


3 54 43 


3 42 18 


3 2 54 


2 7 28 


27 


2 52 52 


3 37 21 


3 54 48 


8 41 18 


8 1 14 


2 5 25 


28 


2 54 41 


3 88 25 


8 64 51 


3 40 21 


2 59 38 


2 3 27 


29 


2 59 28 


3 39 27 


3 64 62 


8 89 22 


2 57 62 


2 1 28 


30 


2 58 15 


B 40 27 


3 54 50 


8 88 21 


2 66 9 


1 59 30 



, Google 



TABLE XXVII. 



Aaot-Mj 



■s of tile Sun's Centre. 
Sun's Mean Anomalv 





II 


iji 


VIII 


IX 


X 


XI 


0° 


1''54 30 


~I°~2~6r 


0°20 89' 


0" 4 10 


0=18 33 


1= 0'45' 


1 


1 57 32 


1 1 8 


19 38 


4 8 


19 38 


1 3 32 




1 55 33 


59 ^7 


18 89 


4 9 


20 d6 


1 4 19 


s 


1 53 35 


57 43 


17 42 


4 12 


21 89 


1 6 8 


i 


1 51 37 


6b 6 


10 47 


4 17 


22 44 


1 7 68 


5 


I 40 39 


64 27 


15 58 


4 24 


23 62 


1 9 48 


e 


I 47 41 


62 49 


15 2 


4 33 


25 1 


1 11 40 


7 


1 45 44 


51 13 


U 14 12 


4 44 


26 12 


1 13 12 


8 


1 48 4b 


49 88 


13 24 


4 67 


27 25 


1 15 26 


<t 


1 41 40 


4b 5 


12 38 


5 18 


2h 40 


1 17 2U 


10 


1 39 5- 


46 32 


il 5! 


5 30 


29 5b 


1 19 15 


11 


1 37 6h 


46 


11 11 


5 50 


31 14 


1 21 11 


12 


1 St. 


43 30 


10 „1 


( 11 


32 84 


1 23 8 


13 


I 34 4 


42 1 


i W 




88 55 


1 25 6 


14 


1 32 q 


40 34 


1 J6 


7 1 


S5 18 




15 


1 30 14 


89 8 


8 42 


7 29 


36 42 


I 20 2 


16 


1 28 20 


37 43 


8 9 


7 59 


38 9 


1 81 1 


17 


1 26 26 


86 20 


7 89 


8 31 


89 36 


1 38 1 


18 


1 J4 33 


34 58 


7 10 


9 5 


4! 6 


1 85 1 


19 


1 22 41 


38 8B 


6 44 


9 42 


42 36 


1 ^7 1 


20 


1 20 49 


3- 19 


6 20 


10 _U 


44 9 


1 39 8 


21 


1 18 57 


31 2 


5 57 


11 


45 42 


1 41 4 


ZZ 


1 17 7 


29 46 


5 37 


11 43 


47 17 


1 43 6 




I 15 17 


28 32 


6 19 


12 27 


48 54 


1 45 9 


U 


1 13 lb 


27 19 


6 3 


18 13 


50 3^ 


1 47 1] 


2a 


1 11 40 


26 9 


4 49 


14 2 


52 11 


1 49 14 


36 


1 S 52 


24 51 


4 37 


14 52 


53 51 


1 51 17 


27 


1 tj 6 


23 52 


4 27 


16 45 


55 33 


1 53 20 


28 


1 20 


22 4b 


4 !<} 


1(> ") 


57 16 


1 55 23 


29 


1 4 85 


21 41 


4 13 


17 '5 


69 


1 57 27 


30 


1 2 '■I 


20 ^t 


4 10 


18 3' 


1 4-^ 


1 50 80 



, Google 



TABLE XXVni. 
Small Eguations of Sun's Longitiule. 



TABLE XXIX. 51 



3Iean OV/lquity of tlie 
Ediftic. 



Air. 


1. 


11. 


III. 


Arg. 


I. 


II. 


HI. 





10" 


10" 


10" 


600 


10" 


10" 


10' 


10 


10 




9 


610 


10 


10 




20 


11 


11 


9 


520 


9 


10 


8 


30 


11 


12 


8 


580 





10 


7 


40 


11 


13 


8 


540 


9 


10 


7 


50 


12 
12 


14 
14 


7 

7 


550 
660 


8 


10 


5 


70 


12 


15 


7 


570 


8 


9 


4 


80 


18 


15 




580 


7 




3 


90 


18 


16 


7 


590 


7 




3 


100 


13 


16 


7 


600 


7 


s 


2 


110 


14 


17 


7 


610 


6 


8 


1 


120 


14 


17 


7 


620 




8 


1 


130 


14 


18 


8 


630 


6 


8 


1 


140 


15 


18 




640 


5 


7 





160 


15 


18 


9 


650 


5 


7 





160 


15 


18 





660 


5 


6 





170 


15 


18 


10 


670 


6 


6 


1 


180 


15 


18 


10 


680 


6 


6 


1 


190 


16 


18 


11 


690 




6 


2 


200 


16 


18 


11 


700 






2 


210 


16 


18 


12 


710 




4 


8 


220 


16 


18 


12 


720 




4 




230 


16 


J8 


18 


780 




4 


4 


210 


16 


17 


14 


740 




8 


■ 5 


250 


16 


17 


14 


750 




3 




260 


16 


17 


15 


760 




8 


g 


270 


16 


16 


16 


770 




2 


7 




16 


16 


17 


780 




2 


8 


280 


16 


16 


17 


790 






8 


300 


16 


15 


18 


800 




2 


S 


310 


16 


15 


18 


810 


4 


2 


9 


820 


15 


14 


19 


820 


5 


2 


10 


330 


15 


14 


19 


830 


5 




10 


840 


15 


14 


20 


840 


5 




11 




15 


IS 


20 


850 


5 


2 


11 


300 


15 


13 


20 


860 


5 


2 


12 


370 


14 


12 


19 


870 


6 


2 


13 




14 


12 


19 


880 




3 


13 


390 






19 


890 






13 


400 


13 


ii 


IS 


900 


-7 


4 


13 


410 


18 


11 


17 


910 


7 


4 


13 


420 


13 


11 


17 


920 


7 


6 


13 


430 


12 


11 


16 


930 


8 


6 


18 


440 


12 


11 


16 


940 


8 


6 


13 


450 


12 


10 


14 


950 


S 


6 


13 


4S0 


11 


10 


13 


060 


9 


7 


12 


410 




10 


13 


970 


9 


8 


12 


480 




10 


12 






9 


11 


490 


10 


10 


11 


990 


10 


9 


11 


SOO 


10 


10 


10 


1000 


10 


10 


10 



Years. 


M. Obliqa. 


1821 


23=27' 46" 


1822 


28 27 46 




23 27 45 


1824 


23 27 44 


1825 


23 27 44 


1826 


28 27 48 




23 27 43 




23 37 42 


1829 


23 27 42 




28 27 41 


1831 


23 27 41 




23 27 40 


1833 


23 27 40 


1834 


23 27 89 


1835 


23 27 39 


1836 


23 27 88 


1837 


23 27 38 




28 27 87 


1839 


23 27 87 


1840 


23 27 37 


1841 


23 27 86 


1842 


23 27 36 


1843 


28 27 85 


1844 


23 27 35 


1845 


23 27 84 


1846 


23 27 34 


1847 


23 27 83 


1848 


23 27 33 


1849 


23 27 82 


1850 


28 27 32 


1851 


23 27 81 


1852 


23 27 31 


1853 


23 27 31 


1854 


23 27 80 


1856 


23 27 30 


1856 


23 27 29 


1857 


28 27 29 


1858 


23 27 28 


1859 




1860 


23 27 27 


1861 


23 27 27 


1862 


23 27 26 


1863 


28 27 26 


1864 


23 27 26 


1866 


23 27 25 


I860 


23 27 26 


1867 


23 27 34 




23 27 24 


1869 


28 27 23 


1870 


23 27 23 


1882 


28 27 17 



, Google 



TAT?LE XXX. 
Nutations. 
Argument. Supplement of the Node, i 



N. 


Long. 


V..!^^. 


Obliq. 


N. 


LmB, 


H, As^, 


Oblia, [ 





„ 


0" 


~+~ 


0" 


~~j^ 


10" 


500 


- 0" 


— 0" 


„ 


10" 


10 




1 




1 




10 


510 


1 


1 




10 


30 








2 




10 


620 




2 




9 


80 














6S0 


3 








40 




4 




4 




9 


540 


4 


4 




9 


60 


+ 


6 


+ 


5 


+ 


9 


550 


— 6 


— 5 


— 


9 


60 




T 




6 




9 


560 


7 


6 




9 


70 




8 




7 






670 








8 


80 














580 




8 




8 


90 




10 




9 






590 


10 


9 




8 


XOO 


+ 


11 


+ 


10 


+ 


8 


600 


— 11 


— 10 


— 


8 


110 




11 




10 




7 


010 


11 


10 




7 


190 




12 
13 




11 
12 




7 


620 
6K0 


12 
13 


11 




7 


140 




14 




18 






640 


14 


13 






150 


+ 


15 


+ 


13 


+ 


6 


650 


— 15 


— 13 


— 


6 


160 




15 




14 




5 


660 


15 


14 




5 


170 




16 




14 




5 


070 


IS 


14 




5 


180 




16 




15 




4 


680 


16 


■ 15 




4 


190 




17 




15 




3 


090 


17 


15 




3 


200 


+ 


17 


+ 


16 


+ 


3 


700 


— 17 


— 10 


— 


3 


210 
230 




17 
18 
18 




16 
16 
16 




2 
2 
1 


710 
720 
730 


17 
18 
18 


16 
IS 
IS 




2 


240 




18 




16 




1 


740 


18 


16 




1 


250 


+ 


18 


+ 


16 


+ 





750 


— 18 


— IS 


— 





260 




18 




IS 


_ 


1 


780 


18 


16 


+ 


1 


270 




18 




13 




1 


770 


18 


16 




1 


280 




18 




16 




2 


780 


18 


16 




2 


210 




17 




16 






7ao 


17 


16 




2 


SOO 


+ 


17 


+ 


16 


— 


3 


800 


— 17 


— IS 


+ 


3 


310 




17 




15 




8 


810 


17 


15 




8 


J20 




10 




15 




4 


820 


16 


15 






8S0 




16 




14 




5 


830 


IS 






6 


a40 




15 




14 




5 


840 


15 


14 




6 


850 


+ 


15 


+ 


13 


— 




850 


— 15 


— 13 


+ 


6 


860 




14 




13 




6 


860 


14 


13 




6 


d70 
3ti0 




13 
13 




12 
11 




7 

7 


870 


13 
12 


13 
11 




7 
7 


390 




11 




10 






890 




10 






400 


+ 


11 


+ 


10 


— 


8 


900 


— 11 


— 10 


+ 


8 


410 




10 




9 




8 


910 


10 


9 




g 


420 




9 




8 




8 


920 


9 






8 


430 




8 




7 






930 


8 






9 


410 




7 








9 


940 


7 


6 






4d0 


+ 


6 


+ 


5 


— 


9 


950 




— 5 


+ 


9 


4eo 




4 




4 







9S0 


4 


4 




9 


470 








3 






970 








9 


4^0 




2 




2 




10 






2 




10 


410 




1 








10 


990 




1 




10 


500 


±^ 





+_ 





— 


10 


1000 


— 


— 


±- 


10 



iio>i„)i,i^.oogle 



TABLE XXXI. 



Eas'Si's Radius Vector. 
Argument. Sun's Mean Anomaly. 





0. 


i> 


II. 


III. 


TW 


■V. 




~0" 


0.98313 


0.98545 


0.09173 


1.00018 


1.00850 


1.01460 


"sip 


1 


0.98313 


0.98560 


0.99199 


1.00047 


1.00874 


1.01464 




2 


0.98314 


0.98576 


0.99225 


1.00077 


1.00899 


1.01477 


28 


8 


0.98816 


0.98592 


0.99251 


1.00106 


1.00923 


1.01490 


27 


4 


0.98317 


0.98S08 


0.99278 


1.00135 


1.00947 


1.01603 


26 


5 


0.98319 


0.98625 


0.99304 


1.00164 


1.00971 


1.01515 


25 


e 


0.98322 


0.98S43 


0.99331 


1.00193 


1.00994 


L01627 


24 


7 


0.98326 


0.98661 


0.99369 


1.00222 


1.01017 


1.01538 


28 


8 


0.98380 


0.08679 


0.99386 


1.00251 


1.01040 


1,01549 


22 


9 


0.98381 




0.99414 


1.00280 


1.01062 


1.01560 


21 


10 


0.98839 


o;98717 


0.99441 


1,00308 


1.01034 


1.01569 


20 


11 


0.98344 


0.98736 


0.99469 


1,00337 


1.01106 


1.01579 


19 


12 


0.98350 


0.98756 


0.99497 


1.00866 


1.01128 


1.01588 


18 


13 


0.98857 


0.98777 


0.99526 


1.00394 


1.01149 


1.01696 


17 


14 


0.98364 


0.98797 


0.99654 


1.00422 


1.01170 


1.01604 


16 


15 


0.98372 




0.99582 


I.0O4SO 


1,01190 


1.01613 


16 


16 


0.98380 


0.98840 


0.99611 


1.00478 


1.01210 


1.01619 


14 


17 




0.98861 


0.99640 


1.00506 


1.01330 


1.01626 


13 


18 


0.98897 




0.99668 


1.00684 


1.01249 


1.01682 


12 


19 


0.98407 


o!s8906 


0.99697 


1.00561 


1.01268 


1.01638 


11 


20 


0.98417 


0.98929 


0.99726 


1.00588 


1.01286 


1.01648 


10 


21 


0.98428 


0.98953 


0.99755 


1.00615 


1.01304 


1.01647 


9 




0.98439 


0.98976 


0.99784 


1.00612 


1.01822 


1.01652 


8 


23 


0,98450 




0,99813 


1.00669 


1.01340 


1.01656 


7 


24 


0.98463 


0.90028 


0.99848 


1.00695 


1.01357 


1.01659 


6 


25 


0.98475 


0.99047 


0.99872 


1.00722 


1.01873 


1.01661 


5 


26 


0.98488 


0.99072 


0.99901 


1.00718 


1.01389 


1.01663 


4 


27 


0.98501 


0.99096 


0.99930 


1.00774 


1.01105 


1.01665 


8 


28 


0.98515 


0.99122 


0.99960 


1,00799 


1.01420 


1.01666 




29 


0.98530 


0.99147 


0.99989 


1.00825 


1.01135 


1.01667 


1 


30 


0.98545 


0.99173 


1.00018 


1.00850 


1.01450 


1.01667 





1 XI. 


X' 1 tx- 


YIII. 


YII. 


VI' 





Pcrlurhtitions ' f E irth i li(?m^ Vector. 



Art 


1 


II 


HI 


AiT! 


I 


IL 


III. 






4 








n 


4 


fO 


H 




S 


150 


I 






100 


V 


4 


/, 


WJO 


H 


1 




150 




\ 


1 


fO 


3 


•', 


■/. 


2O0 


11 


4 





7O0 


4 


H 


1 


250 


6 


4 





750 


5 


4 


(1 


300 


4 




1 


800 


1- 


4 





■iSO 


^ 


?. 




8/0 


y 


4 












901) 


7 


4 


•>. 


150 




1 


4 


! 


M 




3 


500 







4 


1000 


8 


4 





»i,d b, Google 



TABLE XXSI. 

Moon's E^oahs. 



Yeits. 1 1 


2 


3 


4 


5 


6 




8 


6 


1821 0027 1 


8865 


5389 


1368 


6970 


7714 


6319 


7024 


7800 


1822 


»020 


5573 


5064 


6112 


9111 


3612 


7380 


9481 


6664 


1828 


0012 


2782 


4720 


0856 


1913 


0309 


8440 




5528 


1824 B. 


0O33 


0640 


6426 


5887 


4720 


5478 


9559 


4787 


4417 


1825 


0O26 


7849 


5092 


0631 


7192 


1276 


0619 


7243 


32B0 


1826 


0018 


5057 


4758 


5375 


9663 


7073 


1680 


9701 


2144 


1827 


0011 


2265 


4424 


0119 


2135 


2871 


2740 


2158 


1008 


1628 B, 


0032 


0124 


5129 


S150 


4912 


9040 


3869 


5007 




1829 


0024 


7332 


4795 


9891 


7414 


4837 


1919 


7468 


8760 




0017 


4&41 


4461 


4638 




0686 


5979 


9921 


7623 


18S1 


0010 


1749 


4127 


9881 


2357 


6432 


7040 


2378 


6487 


1832 B. 


0030 


9607 


4883 


4112 


5164 


2601 


8158 


6226 


5376 


1833 


0028 


6816 


4499 


9156 


7636 




9219 


7683 


4239 


1834 


0016 


4024 


4164 


3900 


0107 


4196 


0279 


0140 


3103 


1835 


0009 


1232 




8644 


2579 


9998 


1340 


2598 


1967 


1830 B, 


0029 


9091 


4636 


8676 


5386 


6163 


2118 


5446 


0856 


1887 


0022 


6299 


4202 


8419 


7858 


1960 


3518 


7908 


9719 


1838 


0015 


3508 




3168 


0329 


7757 


4579 


0360 


8583 


1889 


0008 


0716 


3534 


7S07 


2801 


3555 


6639 


2818 


7417 


1840 B. 


0028 


8675 


4289 


2938 


5608 


9724 


6758 


6666 




1S41 


0021 


5788 


3906 


7682 


8080 


5522 


7818 


8123 


5199 


1842 


0014 


2991 


3571 


2425 


0661 


1819 


8879 


0580 


1062 


"1843 


O0O7 


0200 


3287 


7169 


3023 


7116 


9939 


3088 


2926 


1844 B. 


0027 


8058 


3943 


2200 


5880 


3286 


1058 


5886 


1815 


1845 


0O2O 


6266 


3609 


6914 


B802 


9083 


2118 


8348 


0678 


1816 


0013 


2475 


3275 


1688 


0773 


4880 


8179 


0800 


9542 


1847 


OOOS 


9683 


2941 


6432 


8245 


0678 


4239 


8257 


840e 


1848 B, 


0026 


7542 


3646 


1463 


6052 


6847 


6858 


6106 


7296 


1849 


0019 


4750 


8812 


6207 


8524 


2644 


6418 


8563 


6158 


1850 


0012 


1958 


297S 


0951 


0995 


8442 


7479 


1020 


5022 


1851 


0005 


9167 


2644 


6696 


3467 


4289 


8639 


3477 


8885 


1852 B. 


0025 


7025 


8350 


0726 


6274 


0408 


0658 


6326 


2774 




0018 


4283 


3016 


5469 


8746 


6206 


0718 


87S2 


1637 


1854 


0011 


1442 


2681 


0213 


1217 


2008 


1778 


1240 


0501 


1855 


0004 


8660 


2347 


4957 


8689 


7801 


2839 


869T 


9365 


1856 B. 


O024 


6509 


3053 


9988 


6496 


8970 


3957 


6646 


8254 


1857 


0017 


3717 


2719 


4782 


8968 


9767 


6018 


9002 


7117 


1868 


0010 


0925 


2385 


9476 


1439 


5565 


6078 


1160 


5981 


1859 


0003 


8134 


2051 


4220 


3911 


1362 


7139 


8917 


4815 


1860 B. 


0023 


6992 


2766 


9251 


6718 


7531 


8267 


6765 


3734 


1861 


0016 


320O 


2423 


3995 


9190 


3329 


9317 


9222 


2697 




0009 


0409 




8739 


1661 


9126 


0878 


1679 


1161 


1863 


■'0002 


7617 


1754 


8483 


4133 


4923 


1438 


4187 


0824 


1864 B. 


0022 


5476 


2460 


8614 


6011 


1093 


2557 


6984 


9212 


1865 


0015 


2684 


2126 


3257 


9112 


6890 


3617 


9112 


8076 


186G 


0008 


9898 


1792 


8001 


1883 


2687 


4678 


1899 


6940 


1867 


0001 


7101 


145'? 




4355 




5788 


4367 


5801 




0021 


4959 


2163 


7776 


7163 


4654 


6857 


7204 


4692 




0014 


2168 


1829 


2520 


9634 


0452 


7917 


9662 


3556 


1870 


0007 


9376 


1495 


7264 


2106 


6249 


8978 


2119 


2130 
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TABLE XXXH. 











Maori's Epoch 












Tesra. 


xo 


u 


W 


13 


14 


IB 


18 


IT 


18 


le 


20 


1821 


620 


917' 


842 


142 


"979 


067 


923" 


"831 


l34 


086 








278 


662 


616 


172 






684 


608 


090 


202 




833 


639 


281 




366 


848 


641 




084 


143 




1821 B. 


509 


030 


070 


596 




519 


037 


431 


585 


197 


687 


1825 


116 


391 


790 


068 


853 


650 


397 


788 


060 


251 


703 


1826 


722 


752 


510 


641 


047 


800 


766 


186 


536 


804 


869 


1827 


329 


113 


229 


014 


241 


940 


116 




on 


858 


036 




0O5 


505 


019 


521 


533 




511 


883 


612 


412 


204 




612 


866 




994 


727 


251 


871 


285 


987 


466 


370 


1830 


219 


223 


468 


468 


021 


392 


280 




462 


519 


63G 


1881 


825 


687 


177 


940 


115 


532 


589 


940 


S37 


673 


708 


1882 B. 


502 


979 


967 


447 


408 


704 


985 


886 


438 


627 


871 


1838 


108 


840 


687 


920 


602 


844 


345 




913 


681 


037 


1834 


T15 


701 


406 


393 


7S6 


084 


704 


040 




734 




1835 


321 


061 


125 


866 


989 


124 


068 


393 


868 


788 


370 


1830 B. 


998 


453 


915 


873 


282 


296 


«. 


787 


364 


842 


688 


1887 


605 


814 


635 


846 


476 


436 


819 


140 


840 


895 


704 




211 


175 


854 


819 


670 


576 


178 


492 


315 


949 


870 




818 


536 


074 


792 


864 


716 


537 


845 


790 


003 


037 


1340 B. 


494 


927 


868 


299 


157 


888 




239 


291 


05S 


205 


1841 


101 


288 


583 


772 


351 


028 


293 


592 


766 


no 


371 


18i2 


707 


649 


302 


245 


544 


168 


6o2 


944 


241 


164 


537 


1848 


814 


010 


022 


718 


738 


808 


012 


297 


716 


218 


704 


1814 B. 


990 


402 


811 


226 


031 


480 


407 


691 


217 


272 


872 


1815 


597 


768 


581 


698 


226 


620 


767 


044 


692 


325 


038 


1846 


203 


128 


250 


171 


419 


760 


126 


396 


167 


379 


204 


1847 


810 


484 


970 


644 


618 


901 


486 


749 


643 


433 


871 


1848 B. 


486 




769 


151 


905 


072 


881 


143 


144 


487 


639 


1840 


093 


237 


479 


624 


099 


212 


241 


496 


619 


540 


705 


1860 


700 


597 


199 


097 




352 


600 


848 


094 


694 


871 


1851 


806 


958 


918 


670 


487 


493 


960 


201 


669 


048 


038 


1852 B. 




350 


707 


077 


780 


664 


356 


695 


070 


701 


206 


1853 


589 


711 


427 


550 


974 


804 


715 


948 


546 


766 


372 


1854 


196 


072 


147 


023 


168 


944 


074 


300 


020 


809 




1855 




432 


866 


496 


861 


085 


434 


668 


496 


863 


705 


1856 B. 


479 


824 


656 


003 


654 


256 


829 


047 


996 


916 


878 


1857 


08« 


185 


375 


476 


848 


896 


189 


400 


471 


070 


039 


1858 




546 


095 


940 


042 


537 


548 


762 


047 


024 


206 


1859 


299 


907 


814 


422 


236 


677 


908 


105 


422 


078 


872 


iseoB. 


975 


298 


604 


929 


529 


848 




499 


923 


131 


540 


isei 


681 


659 


323 


402 


723 


988 


662 


862 


898 


185 


700 


1862 


187 


020 


042 


875 


916 


129 


021 


204 


87S 


289 


873 


18GS 


794 




761 




110 


269 


381 


657 


848 


292 


039 


1864 B. 


470 


778 


551 


855 


40S 


440 


777 


951 


849 


846 


207 


1865 


077 


134 


271 


828 


597 


580 


186 


804 


824 


400 


378 


1868 


684 


494 


990 


801 


791 


721 


495 


657 


799 


463 


640 


1867 


290 


856 


710 


274 


985 


861 


865 


009 


274 


607 


707 


1868 B. 


967 


247 


500 


781 


277 


032 


251 


404 


776 


561 


874 


1869 


573 


608 


219 


264 


471 


172 


610 


756 


261 


615 


040 


1870 


180 


968 


939 


727 


666 


318 


969 


109 


726 


668 


207 
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TABLE XXXL 
Moon's Epochs. 



Yesre, 


Er lion 


A 


aomiv 


V^tatm 


LodEltUdo 1 


1821 


1' 


IP a 47 




9° 54 17 


10- 


22° 4 2 




2° 7 41 


1822 


7 


10 16 19 


11 


8 37 37 




1 41 27 





11 30 46 


1828 


1 


4b 46 


2 


7 20 57 


7 


11 18 61 


4 


20 53 51 


1824 B. 


7 


2 37 15 


5 


1> 8 11 





8 7 41 


9 


18 27 81 


1826 





33 8 44 


8 


17 51 81 


4 


12 45 7 


1 


22 50 37 


1826 


6 


13 40 14 


11 


16 34 ro 


8 


22 22 32 


G 


2 13 42 


1827 





4 11 44 




15 18 10 


1 


1 69 5b 


10 


11 36 47 






6 2 11 


5 


27 6 24 


5 


23 48 4-' 


3 


4 10 27 


1829 


11 


26 as 48 


8 


25 48 44 


10 


3 26 13 


7 


13 33 32 


1830 


5 


17 5 12 


11 


24 32 4 


2 


18 8 88 


11 


22 56 b7 


1831 


11 


7 86 41 


2 


28 16 24 


g 


22 41 3 


4 


2 19 42 




5 


9 2- 11 




6 2 88 


11 


14 „9 54 


8 


24 53 23 


1833 


10 


2q 58 40 




3 45 58 




24 7 20 


1 


4 16 28 


1834 


4 


20 ^0 11 





2 li 18 


8 


3 44 44 


5 


13 39 83 


1835 


10 


11 1 40 




1 12 3fe 





18 22 9 


9 


23 2 38 


1836 B. 


4 


12 62 t 


6 


12 ^1 52 


5 


6 11 


2 


15 36 19 


1887 


10 


3 23 89 


9 


11 48 12 


9 


14 48 26 


6 


24 50 24 




3 


23 55 9 





10 26 82 


1 


24 25 50 


11 


4 22 29 


1839 




14 26 38 




9 9 53 


6 


4 3 15 


3 


18 45 35 


1840 B. 


3 


lb 17 8 


6 


20 67 7 


10 


25 52 8 


8 


6 19 16 


1841 


9 


b 48 37 


9 


19 40 27 


3 


5 29 32 





15 42 21 


1842 




27 20 7 





18 _i 47 


7 


V b 57 


4 


25 5 2b 


1843 


8 


r 51 37 


8 


1" 7 7 


:i 


24 44 22 


9 


4 28 31 


1844 B. 


2 


11 42 7 




28 54 22 


4 


IP 83 14 


1 


27 2 12 


1845 


8 


10 18 36 


9 


27 37 42 


8 


2b 10 39 




6 25 17 


1846 


2 


45 





2b 21 2 


1 


5 48 4 


10 


15 48 23 


1847 


7 


21 16 85 


3 


26 4 28 


5 


16 26 29 


2 


25 11 28 


1848 B. 


1 


23 7 5 




b 51 87 


10 


7 14 ^1 


7 


17 45 8 


1349 


7 


13 88 85 


10 


5 )4 57 




16 51 46 


11 


27 8 14 


1850 


1 


4 10 4 




4 18 18 


6 


2b 29 11 


4 


b 31 20 


1851 


6 


24 41 85 




3 1 88 


11 


6 6 36 


8 


15 54 25 







26 32 5 




14 48 63 


3 


27 65 29 


1 


8 28 8 


1858 


6 


17 3 84 


10 


18 82 13 




7 32 53 


5 


17 61 11 


1854 





7 35 4 




12 15 34 





17 10 19 




2- 14 17 


1855 


6 






10 68 64 


4 


2b 47 43 


2 


C 37 22 


1856 B. 


11 


i'l 57 8 




22 46 9 


q 


18 86 36 


6 


29 11 3 


1837 


5 


20 28 3« 


10 


21 29 29 


1 


28 14 1 


11 


8 34 9 


1858 


11 


11 2 




20 12 50 


5 


7 61 2*. 


3 


17 57 14 


1869 


5 


1 31 33 




18 66 10 


10 


17 28 5- 




27 20 20 


1890 B. 


11 


3 22 3 




43 25 




9 17 44 





19 54 


1861 


4 
10 


23 68 38 
14 25 3 


10 


29 26 45 
28 10 6 


7 
11 


18 55 9 
28 32 34 


4 
9 


29 17 6 
8 40 12 


1863 


4 


4 66 38 




26 58 27 


4 


8 10 


1 


18 3 18 


1864 B. 


10 


6 47 2 




8 40 41 


8 


20 58 61 




10 3fa 58 


1865 




27 18 82 


11 


7 24 2 


1 


9 31, 1" 


10 


20 4 


1866 


9 


17 60 2 




6 7 28 


5 


19 13 42 


2 


29 23 10 


1867 




8 21 32 




4 50 43 


9 


28 5] 8 




8 46 15 




9 


10 12 2 




16 37 68 


2 


20 40 





1 19 5b 




3 


43 83 


11 


15 21 19 


7 


17 25 


4 


10 48 2 


1870 


8 


21 15 2 




14 4 40 




9 54 50 


S 


20 6 8 
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21 ii 56 
11 6 47 
26 29 

19 45 11 
e 4 53 

28 27 46 
. 17 47 29 
. 7 7 11 

i 26 26 53 



10 


8 n 46 


9 20 18 


10 


22 81 28 


1 10 50 


11 


IX 61 10 


5 1 22 





1 10 52 


8 21 54 





20 33 46 


23 35 


1 


9 63 28 


4 14 7 


1 


29 13 10 


8 4 39 


2 


18 82 52 


11 25 11 


S 


7 55 46 


3 26 52 


3 


27 15 27 


7 17 24 


4 


16 85 9 


11 7 58 


6 


5 64 52 


2 28 38 


6 


25 17 45 


7 9 


6 


14 87 27 


10 20 41 


7 


8 67 9 


2 11 13 


7 


28 16 51 


6 1 45 


8 


12 89 44 


10 8 27 


9 


1 69 26 


1 23 59 


e 


21 IS 9 


5 14 81 


10 


10 38 51 


9 6 8 


11 


1 44 


1 6 44 




19 21 26 


4 27 16 







8 J7 48 





28 51 


8 20 


1 


17 23 43 


4 10 1 


2 


6 48 27 


8 38 


2 


26 3 9 


11 21 5 




15 23 !1 


3 11 87 


4 


4 46 44 


7 13 18 


4 


24 6 46 


11 8 50 


5 


13 26 28 


2 24 22 


6 


2 45 10 


6 14 54 


6 


22 7 48 


10 16 8( 


7 


11 27 46 






47 28 


5 27 4( 
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TABLE SXXIII. 



3 Motions for Months. 



M0dlh« 


1 


2 


3 


1 


i 


e 


7 


8 [ 9 [ 


J.nu..y {^r 


mm 


IIIMMl 


iimm 


mm 


mm 


mm 


IKHtd 


0000 


0000 


iWT!! 


Sdril) 


H9KI) 


971 K 


Htm 


^wn 


HH4'/ 


9610 


9976 


FebruurjjC^f 


H4il 


Ufi 


iiMfi 


RKBfi 


4tW 


IfiKfi 


17K9 


MOflfi 


758 


ftl^l 


H4H'J 


\v.m 


mm 




Mil 


17f!l 


170B 


729 


Marcl, 


laii) 


8B4H 


lavi 


6wai 


a';y7 


ly&i 


a4tl4 


8027 


1433 




Mfi+ 


R4ao 


flRlfi 


Ra«7 


m 


MM 


filBK 


5126 


2186 




VJ^ii 




4H-^',l 


44KH 


V«h 


4Mf. 


«H'/4 


68S5 


3914 




■ilM 


K1H!! 


7<W7 




«(iH 


mn 




8034 


S667 




41IW1 


1WM 


WVH 


1H4V 


7K'^ 


7MI 


444 


64S 


4396 


Aagost 


5ao4 


T77ti 


51H 


«88 


iia4 


8H;4 


aasa 


2742 


5148 




fifiKa 


70!^? 


?,7R4 


B7a4 


ifiafi 


4f)R 


4{121 


4842 


S901 




7474 


741 !l 


HHiiH 


HH4H 


i(iiw 


1.WH 


^7fiV. 


fiftfSII 


6680 




Hrf'.W 


7l>Ht> 


liV,l!. 


VV,K1I 


ano4 


Hid'/ 


'il>4l 


8649 


7382 




M44 


7ue2 


74:10 


5B48 


aujo 


4iiB4 


wavB 


3S8 


8111 
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Moon's Moticms/or Monties. 




Month, 


E.=«on 


Anodialj 


■Vanaton 


M. Longitude. 


Msrcli 


0- 0" ff 
11 18 41 1 
11 20 48 42 
11 9 29 43 
10 7 40 26 


0- 0" 
11 lb n G 
1 m 51 
1 1 56 -^9 
1 20 GO 4 


0- 0° ff 
11 17 41 33 
U 17 54 48 
5 4, i.1 
11 21 15 15 


0> 0° 0' 0" 
11 16 49 25 
1 18 28 6 
1 5 17 31 
1 27 24 27 


fz 

Ju"y 
Aagust 


9 28 29 8 
9 7 58 51 
8 28 47 S^ 
8 8 1~ lb 
7 29 5 5J 


a 5 5U 57 

4 7 47 5b 

5 23 48 49 

6 24 45 48 
8 9 4b 42 


17 10 3 

„2 5a 24 

1 10 48 11 

1 16 31 32 

2 4 26 20 


3 15 52 82 

4 21 10 3 

7 14 55 40 
9 8 28 46 


feeptember 
Ootobei 
November 
Decembei 


7 19 54 41 
b 2B 24 .4 
b 20 13 9 
5 29 42 4'* 


9 24 47 85 
10 -G 44 34 

11 4,) 27 

1 U 43 2b 


2 22 21 7 

3 15 59 16 
3 21 42 17 


10 21 51 52 

11 27 9 22 

1 15 87 28 

2 20 54 59 



, Google 



TABLE XXXni. 



Mxm's Motions for Months. 



Wunth" 


10 


11 


12 


13 


14 


15 


16 


n 


IS 


le 


SO 


•'■"«>'' IS," 


(Hill 


(XHI 


niio 


(UK) 


11(H) 


Ollll 


111 1(1 


(1(1(1 


(MM) 








HKH 


•ms 


mv. 


HOI 




IHMl 


Hfi« 


974 


IKH) 


finn 


'.■.-^{Er 


17ft 


niift 


1R4 


ftfi 


74 


H4fi 


VAh 


K(t4 


Rlir, 


h 


14 


IfW 


1IK4 


114 


«)> 




Hlfl 


m 


im 


VVll 


h 


14 


Marth 


i'iy 




157 


Vi 


651 


801 


liiU 


4Ba 


63a 


a 


27 




au 


fim 


»« 


It- 


WirS 


747 


294 


7RB 


asfi 


IR 


41 


May 


4111 


Tl-th 


4W 


MM 




KHM 




4V 


iiii 


IK 






fttH 


TtK) 


(S411 


ifid 


WVii 


(i(t» 


».av 


Hhl 


H2l) 


•f:/, 






tlHH 


h;H 


1i>4 


ISh 


fi4« 


hV-S 


fisft 


llM^ 


liim 


■M 






H73 


say 


aBH 


a45 


ya 


471 


769 


917 


608 


81 


97 




4a 


fifia 


1?S 


304 


9fi 


417 


8fl4 


?,ai 


aoR 


aR 






1ft2 


497 


afi7 


HMil 


71 


KHH 


«Ha 


4HK 


H7 


4(1 


IWi 




M\ 


4fi:J 


4«l 


3KH 


14ft 


'm 


127 


7K7 




4ti 


law 


December 


U-2. 




6a6 


414 


12U 


194 


•2!i^ 


49 


a7U 


4» 


16B 



TABLE XXXIII. 
Moon's Motions for MmiiJi9. 



Jf'DthE. 


Supp ot Mole 


II 


T. 


VI. 


TII. 


VIII. 


IX, 


X. 


Jinwy i^^^ 


0- 


0° (K 


0- 0" 


noo 


(1(1(1 


(Htll 


11(1(1 


(KHI 


mi) 


11 


29 68 49 


11 18 51 


9f!« 


961 


97-2 


tl6« 


!«H 


H9ft 


-.—'.{ir 





1 38 30 


11 15 43 


64 


'm 


ft7ft 


4(> 


III 


166 





1 dl 19 


11 4 34 


'm 


IHh 


847 


II 


76 


iftii 


MOTcll 


u 


a 7 27 


9 27 59 


7 


3!iU 


6ii6 


98a 


114 


313 







4 45 57 


9 13 43 


?,^ 


fi54 


54a 


34 


^25 


47R 




II 


b 21 16 


8 18 15 


HI 


738 




46 


31 III 


(i;w 




(1 


7 59 46 




IHH 


•m, 


V64 


91 


411 


Kim 


jQlj 





9 3b & 


7 8 32 


156 


147 


UV. 


11)3 


486 




August 





11 13 80 


6 24 15 


210 


avi 


987 


147 


597 


12S 




n 


12 52 6 


6 9 68 


?65 


fififi 


Sfi? 


193 


7flfi 


291 


October 


(1 


14 27 24 


5 14 32 


2K5 


7K(I 


7111 


2114 


7K3 


461 


Nnyember 





lb 6 53 


5 15 


339 


4 


6K5 


'^60 


H94. 


616 


Deoerabu 





17 41 13 


4 4 49 


309 


188 


482 


aei 


WJ 


VV6 



, Google 



TABLE XXXiy. 



Da-ja, 


! 1 2 


3 


4 1 H 


s 


7 


s 


9 




moo" 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


2 


27 


650 


1040 


287 


386 


872 


68 


890 


24 


3 


65 


1300 


2080 


674 


671 


744 


115 


781 


49 




83 


1960 


3121 




1007 


1116 


173 


1171 


73 


6 


109 


2000 


4161 


1148 


1843 


1488 


231 


1501 


97 


6 


137 


8249 


6201 


1436 


1678 


1860 


289 


1952 


121 


7 


164 




6241 


1722 


2013 


3232 


346 


3342 


146 


8 


192 


4649 


7281 


2000 


2849 


2604 


404 


2732 


170 


9 


319 


5199 


8331 


2296 


2684 


2976 


462 


3123 


194 


10 


246 


6849 




3688 


8020 


8348 


619 


8618 


219 


11 


274 


6499 


402 


2870 


3355 


3730 


577 


3903 


343 


12 


801 


7149 


1442 


3167 


8691 


4093 


635 


4293 


267 


18 


328 


7799 


2483 


8441 


4026 


4465 




4684 


291 


14 


866 


8449 




3731 


4362 


4887 


750 


6074 


816 


16 


383 


9098 


4563 


4018 


4698 


6209 


808 


5464 


840 


16 


411 


9748 


5603 


4305 


5033 


5581 


866 


5854 


364 


17 


488 


398 


6643 


4592 


6869 


5958 




6246 


389 


18 


465 


1048 




4878 


5704 




981 


6635 


413 


■19 


498 


1698 


8728 


5165 


6040 


6697 


1039 


7026 


487 


20 


530 


2348 


9783 


5462 


6375 


7069 


1096 


7416 


461 


21 


548 


2998 


804 


6739 


6711 


7441 


1154 


7808 


486 


22 


575 


8648 


1844 




7046 


7813 


1212 


8196 


510 


23 


602 


4398 


2884 


6313 


7382 


8185 


1269 


8586 


584 


24 


630 


4947 


3924 


6600 


7717 


856T 


1827 


8977 


559 


25 


667 


5597 


4964 


688T 


8053 


8939 


1385 


9367 


588 


26 


884 


6347 


6005 


7174 


8389 


9301 


1443 


9767 


607 


27 


712 




7045 


7461 


8724 


9673 


1500 


148 


631 


28 


739 


7547 


8085 


7748 


9060 




1558 


638 


666 


29 


767 


8197 


9126 


8085 


9895 


417 


1616 


928 


680 


30 


794 


8847 


165 




9731 


789 


1673 


1319 


704 


81 


821 


9497 


1206 


8609 


66 


1161 


1731 


1709 


739 
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TABLE XXXTf. 



Moon's Moiimti for Days. 



Dij^ 


Id 


11 


13 


13 


U 


15 


16 


17 


18 


19 


20 


1 


000 


ooo 


000 


000 


000 


000 


ooo" 


000 


000 


000 


000 


2 


70 


ai 


70 


34 




31 




42 


26 








3 


140 




141 


68 


198 


61 


73 


84 


52 





1 


4 


210 


93 


211 


103 


297 


92 


110 


126 


78 





1 




_81 


I2S 


282 


137 


397 


122 


146 


168 


104 




2 


6 


v-,\ 


156 


852 


171 


490 


153 


183 


210 


130 




2 




421 


187 


423 


205 


595 


183 


220 


252 


156 






8 


441 


213 


493 


239 


694 


'214 


256 


294 








9 


561 


249 


6S4 


273 


793 


244 


298 








4 


10 


681 


280 


634 


808 


892 


275 


829 


879 


234 




4 


11 


702 


811 


705 


342 


992 


305 


366 


421 


260 


1 


5 


12 


772 


342 


775 


376 


91 




408 


468 




2 


6 


13 


842 


874 


845 


410 


190 


866 


439 


605 


312 


2 


5 


14 


912 


405 


916 


444 


289 


397 


476 


547 


337 


2 


6 


16 


982 


436 


086 


478 


388 


427 


612 


689 


863 




6 


It. 


52 


467 


57 


513 


487 


458 


549 


631 


389 


2 


7 


17 


122 


498 


127 


647 


587 


488 




673 


416 


2 


7 


18 


V^% 


529 


198 


581 


686 


519 


622 


715 


441 


2 


8 


19 


268 


560 


268 


615 




549 


669 


757 


467 






20 


333 


591 




649 


884 


580 


695 


799 


493 


E 


9 


21 


403 


623 


409 


683 


988 


611 


782 


841 


519 


g 


9 


22 


473 


654 


480 


718 


82 


641 


769 




545 


3 


10 


23 


618 


685 


650 


752 


182 


672 


805 


925 


571 


3 


10 


24 


614 


710 


621 


786 


281 


702 


842 


967 


697 


3 


11 


26 


684 


747 


691 


820 


380 


783 


878 


9 


623 


4 


11 


2b 


764 


778 


762 


854 


479 


763 


915 


62 


649 


4 


11 


27 


824 


609 


832 


888 


578 


794 


962 


94 


675 


4 


12 


2S 


894 


840 


903 


928 


677 


824 




136 


701 


4 


12 


2<> 


964 


872 


973 


957 


777 


855 


25 


178 


727 


4 


13 




S4 




43 


991 


876 


885 


61 


220 


753 


4 


13 


31 


loa 


934 


114 


25 


975 


916 


98 


262 


779 


4 


14 
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TABLE XXXIY. 



Moon's Motions for Days. 



Paya. 


Eteaiou 


Anomaly 


laiialDi. 


M Li^K 




0' 0" (f 


0* 0° 


0. 0° 


0' 0' n 


2 


11 18 59 


13 rf 54 


12 11 27 


IS 10 31 


3 


22 37 59 


26 7 48 


24 22 5J 


23 21 10 


i 


1 3 5e oa 


1 9 11 42 


1 6 84 20 


1 9 31 46 




1 15 15 58 




1 18 45 4-' 


1 22 42 20 


6 


1 23 B4 57 


3 5 19 80 


2 57 18 


2 5 52 55 


7 


2 7 53 57 


2 18 2J 24 


2 18 8 40 


2 19 3 30 


8 


2 19 12 56 


3 1 27 18 


2 25 ^0 7 


3 2 14 5 


9 


3 31 55 


3 14 81 12 


8 7 31 84 


8 15 24 40 


10 


3 11 50 d5 


■) ^7 35 8 


o 19 4= 


3 28 30 16 


11 


t 23 9 54 


4 10 39 


4 1 54 27 


4 11 45 60 


12 


4 4 28 C4 


4 23 42 54 


4 14 5 54 


4 24 5b 25 


13 


4 15 47 '^3 


5 f 4& 48 


4 2b 17 20 


5 8 7 


14 


4 27 6 5' 


6 1<> 50 4„ 


5 8 2S 47 


5 21 17 85 


15 


5 8 25 52 


6 2 54 S6 


5 20 40 14 


6 4 28 10 


16 


6 19 44 51 


6 15 68 29 


e 2 51 40 


e 17 88 46 


17 


(i 1 3 51 


39 2 23 


6 15 3 7 


7 49 20 


18 


6 12 22 50 


7 12 1) 17 


6 27 14 34 


7 18 59 55 


19 


6 28 41 50 


7 25 10 n 


7 9 36 1 


7 27 10 30 


20 


7 6 49 


8 8 14 5 


7 21 87 2T 


8 10 21 6 


21 


7 16 10 49 


8 21 l' 59 


8 8 48 54 


8 23 31 40 


22 


7 27 38 48 


9 4 21 53 


8 IS 21 


6 42 lb 




8 8 67 47 


9 17 25 47 


8 28 11 47 


9 19 62 A 


24 


8 20 16 47 


10 29 41 


9 10 23 14 


10 3 3 26 


25 


9 1 85 iti 


10 18 83 85 


9 22 34 41 


10 16 14 1 


26 


9 12 64 46 


10 26 37 29 


10 4 4b 7 


10 2t 24 36 


27 


9 24 U 45 


11 9 41 23 


10 16 67 34 


11 12 35 11 




10 5 82 4a 


11 22 45 17 


10 29 q 1 


11 26 46 46 


29 


10 16 jl 44 


5 19 11 


11 11 20 28 


8 5b 21 


30 


10 28 10 4^ 


18 5' 5 


11 23 1 54 


22 b 50 


31 


11 1 29 43 


1 1 5b 50 


5 4a 21 


1 5 17 SI 
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TABLE XXXIV. 



Diys. 


Sup. of Node 


Jl, 


V. 


VI. 


VIL 


VIII, 


IX. 


X. 


1 


0" 0- 0" 


(f 0" 0- 


000 


000 


000 


000 


000 


000 


3 


a 11 


11 9 


34 


89 


28 


34 


36 


E 




6 21 


22 18 




79 


56 


67 


72 


11 


4 


9 83 


1 3 27 




118 


86 


101 


108 


16 


5 


12 S2 


1 14 37 


136 


158 


1J8 


136 


143 


21 


g 


15 53 


1 26 46 


170 


197 


141 


169 


179 


27 


7 


19 4 


2 6 55 


20* 


237 


169 


202 


215 


32 


a 


22 14 


2 18 4 


238 


276 


198 




251 


37- 


9 


25 25 


2 29 13 


272 


816 


22G 


270 


287 


43 


10 


28 36 


3 10 22 


306 


365 


254 


303 


323 


48 


11 


81 46 


3 21 31 


340 


895 


282 


387 


358 


58 


12 


34 57 


4 2 40 


874 


434 


311 


371 


304 


58 


13 


38 7 


4 13 50 


408 


474 




405 


430 


64 


14 


41 18 


4 24 59 


442 


518 


367 


438 


466 


69 


15 


a 29 


5 G 8 


470 


553 


B95 


472 


502 


74 


IG 


47 39 


5 17 17 


610 


592 


424 


506 


638 


80 


17 


50 50 


5 28 26 


544 


632 


452 


539 


573 


85 


18 


64 1 


6 a 35 


578 


671 


480 


573 


600 


90 


19 


57 11 


6 20 44 


612 


711 


508 


607 


645 


96 


20 


1 22 


7 1 63 


646 


750 


537 


641 


681 


101 


21 


1 3 33 


7 13 8 


680 


790 


565 


674 


717 


106 


22 


I fi 43 


7 24 12 


714 


829 




708 


753 


112 


23 


1 9 54 


8 5 21 


748 




621 


742 




117 


24 


1 13 5 


8 16 30 


782 


908 


650 


776 


824 


122 


25 


1 16 15 


8 27 39 


816 


048 


678 


809 


860 


128 


26 


1 19 26 


9 8 48 


860 


987 


706 


843 


896 


183 


27 


1 22 36 


9 19 67 


884 


027 


734 


877 


932 


138 


28 


1 25 47 


10 1 6 


918 


066 


762 


910 


968 


143 


29 


1 28 6R 


10 12 16 


952 


106 


791 


944 


008 


149 


30 


1 32 8 


10 23 25 




145 


819 


978 


039 


154 


81 


1 85 li> 


11 4 34 


020 


185 


947 


Oil 


076 


159 



, Google 



TABLE XXXV. 



»>■ »« 



eOUFB- 


1 


2 


S [ 4 


6 


e 


7 I 8 


ii 


1 


1 


27 


43 


12 


14 


16 


2 


IS 


I 


3 




54 


87 


24 




31 


5 








8 


81 


130 




42 


47 


7 


49 


3 




5 


108 


178 


48 


56 




10 


66 


4 


6 


6 


135 


217 


60 


70 


78 


12 


81 


5 





7 


162 


260 


72 


84 


93 


14 


98 


6 


7 




190 




84 


98 


109 


17 


114 


7 




9 


217 


347 


96 


112 


124 


19 


130 


8 


9 


10 


244 


390 


108 


126 


140 


22 


146 


9 


10 


11 


271 


433 


120 


140 


155 


24 


138 


10 


11 


12 


298 


477 


131 


154 


171 


26 


179 


11 


12 


14 


325 


620 


143 


168 


186 


29 


195 


13 


13 




852 


563 


165 


182 


202 




211 


18 


14 




379 


607 


167 


196 


217 


84 


228 


14 


15 


17 


40a 


660 


179 


210 


238 




344 


15 


16 


18 


433 


693 


191 


224 


248 


38 


260 


16 


17 


19 


460 


787 


203 




264 


41 


276 


17 


18 


20 


487 


780 


216 


a52 


279 


43 


293 


18 


19 


22 


516 


823 


227 


206 


296 


46 


309 


19 


20 


23 


642 


807 


289 


280 


310 


48 


325 


20 


21 


24 


669 


SIO 


251 


294 


326 


50 


341 


21 


22 


2& 


696 


953 


268 


80fl 


841 


58 


858 


22 




26 


623 


997 


276 


322 


367 


55 


374 


28 


2* 


27 


650 


1040 


287 


836 


372 


58 


890 


24 


Hours. 


EieeUDB. 


Ancnialy. 




Longitude. 


I 


0''28' 17" 


0°82' 40" 


0<'80' 29" 


0''82' 56" 


2 


56 86 


1 5 19 


1 57 


1 5 53 




1 24 52 


1 37 59 


1 81 26 


1 38 49 


i 


1 53 10 


2 10 39 


2 1 64 


2 11 46 


5 


2 21 27 


2 48 19 


2 33 23 


2 44 42 


6 


2 49 46 


8 15 68 


3 2 52 


3 17 89 


7 


3 18 2 


a 48 88 


8 S3 20 


S 50 35 


b 


8 46 20 


4 21 18 


4 8 49 


4 23 32 


9 


■ 4 14 87 


4 58 58 


4 84 17 


4 56 28 


10 


4 42 65 


5 26 87 


5 4 46 


5 29 25 


11 


6 11 12 


G 59 17 


5 35 15 


2 21 




5 39 80 


6 31 67 


G 5 43 


6 35 17 


i3 


6 7 47 


7 4 37 


C 30 12 


7 8 14 


11 


6 80 5 


7 87 16 


7 (1 40 


7 41 10 


ifi 


7 4 22 


8 9 56 


7 37 9 


8 14 7 


If! 


7 82 40 


8 42 86 


8 7 83 


8 47 8 


17 


8 fl 57 


9 16 10 




9 20 


18 




9 47 55 


9 8 35 


9 52 60 


19 


8 57 82 


10 £0 36 


9 39 3 


10 25 53 


20 


9 25 50 


10 58 15 


10 9 32 


10 58 49 


21 


9 54 7 


11 25 55 


10 40 1 


n 31 46 


22 


10 22 24 


11 58 34 


11 10 2-* 


12 4 42 


23 


10 60 42 


12 3t 14 


11 40 58 


12 87 89 


24 


11 18 59 


13 3 54 


13 11 27 


13 10 35 
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TABLE XXXr. 



Mfion's Motions for But 



Honri 


30 


n 


n 


IS 


14 


16 


16 1 IT [ 


18 


1 
2 
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S 

6 

7 

10 

11 
VI 
18 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 


3 

12 

18 
21) 
23 

20 

3G 

41 
44 

47 
50 
53 
5fi 
58 

01 
64 
G7 
70 


1 

4 
6 

8 
9 
10 

14 
17 

21 

28 
26 
26 

27 

80 
SI 


6 

12 
15 

18 
20 

26 

32 
36 

44 

47 
50 
53 
66 
58 

61 
(14 
67 
TO 


i 

4 

7 

9 
10 

13 

10 
17 
18 
20 
21 

28 
24 
25 
27 
28 

30 
81 
33 
84 


4 
8 
12 
16 
21 

26 
20 

37 
41 

45 
49 
54 
38 
62 

66 
70 
74 
78 
83 

87 
91 
95 
99 


1 

4 
5 
6 

8 

10 
11 

14 
16 
16 
18 
19 

20 
21 
23 
24 
25 

26 

29 


3 
6 
6 
8 

9 
11 
12 
14 

17 
18 
20 

23 

26 
26 

29 
31 

32 
84 
35 
37 


2 
4 
5 
7 
9 

11 
12 

lb 

19 
21 
23 
25 

28 
30 
32 
38 
35 

37 

40 
42 


2 

4 
6 

8 
10 

12 
13 
14 
15 
16 

17 

18 
19 
21 
22 

28 
24 
26 
26 
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n. 


V. 
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YU 
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X. 


1 

3 
4 
5 
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7 
8 
9 
10 

11 
12 
13 
14 
15 
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17 
18 
19 
20 

21 
22 
23 
24 


0' 8" 
16 
24 
32 
40 

48 

56 

1 4 
I 11 
1 19 

1 27 
1 3S 
1 43 
1 51 

1 m 

2 7 
2 15 

IS 

2 39 

2 47 
2 55 
8 3 
8 11 


0=28' 

66 

1 21 

1 52 

2 19 

2 47 

3 15 
8 48 

4 11 

4 39 

5 7 

5 86 

6 58 

7 20 

7 54 

8 22 

8 50 

9 18 

9 45 
10 13 

10 41 

11 fl 


s 

4 
6 

S 
10 
11 
13 
14 

16 

18 
20 
21 

28 
24 
26 
27 
28 

30 
81 
33 
34 


2 

5 
7 
8 

10 

13 

16 

18 
20 
21 
28 
26 

26 
28 
29 
31 
32 

84 
36 

U9 


2 
4 
6 
6 

7 

9 

n 

12 
13 
16 

:o 

18 

19 
20 
21 

25 
26 
27 
28 


1 

4 

7 

10 

11 

]3 
14 

)5 
17 
18 
19 
21 

22 
24 
25 
27 

29 
81 

34 


1 
8 
4 
6 

7 

9 
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15 

16 
18 
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21 
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28 
30 
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30 
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2 




1 
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4 
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6 
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5 
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6 
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3 
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3 
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11 


3 


8 


4 
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11 


8 


8 
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13 
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4 
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13 
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4 


6 
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5 
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15 


4 
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IS 
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2 
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10 


17 


5 
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24 





11 


17 


5 


6 
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2 


25 





u 


18 


5 


6 






7 













2 


26 





12 


19 


5 


6 


7 




7 











1 


2 


27 




12 


19 


5 





7 

















2 


2S 




13 


20 


6 




7 
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IS 


21 


6 




7 




8 













2 


SO 




14 


22 


6 




8 




8 















81 




14 




6 








8 













3 


32 




14 


23 










9 








2 






S3 




15 


34 


7 


8 


9 












2 




2 


84 




15 


25 


7 


8 






9 




2 




2 




2 


3d 




13 
IG 


26 
26 


7 
7 


8 
8 


9 
9 




10 
10 




2 
2 




2 
2 




2 


87 




17 


27 


7 


9 


10 




10 




2 














17 


27 







10 




10 








2 




3 


gs 




18 


28 






10 




11 




2 








3 


40 




18 


29 


S 




10 


2 


31 








2 




8 


41 




19 


30 




10 


11 




11 




2 








3 


42 
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1 34 16 


2 14 21 


2 42 8 


2 50 16 


2 86 65 


2 6 2 


4 


1 85 42 


2 15 31 


2 42 45 


2 50 9 


2 36 8 


2 4 47 


6 


1 37 7 


2 16 41 


2 43 21 


2 50 1 


2 85 19 


2 3 32 


6 


1 88 32 


2 17 50 


2 43 55 


2 49 62 


2 84 30 


2 2 16 


7 


1 89 57 


2 18 58 


2 44 27 


2 49 41 


2 33 40 


2 1 




1 41 21 


2 20 5 


2 44 59 


2 49 29 


2 32 48 


1 59 43 




1 42 46 


2 21 11 


2 46 29 


2 49 16 


2 81 56 


1 68 26 


10 


1 44 10 


2 22 17 


2 45 67 


2 49 


2 31 2 


1 57 8 


11 


1 45 34 


2 23 21 


2 46 24 


2 48 43 


2 30 7 


1 65 49 


12 


1 46 68 


2 24 24 


2 46 50 


2 48 26 


2 29 11 


1 64 30 


18 


1 48 21 


2 25 26 


2 47 14 


2 48 6 


2 28 14 


1 53 11 


14 


1 49 64 


2 26 28 


2 47 37 


2 47 45 


2 27 18 


1 61 51 


15 


1 61 7 


2 27 28 


2 47 60 


2 47 23 


2 26 17 


1 50 81 


16 


I 52 29 


2 28 27 


2 48 19 


2 47 


2 25 17 


1 49 11 


17 


1 58 51 


2 29 25 


2 48 37 


2 48 35 


2 24 16 


1 47 60 


18 


1 66 12 


2 30 21 


2 48 54 


2 46 8 


2 28 14 


1 46 29 


19 


1 56 83 


2 81 17 


2 49 10 


2 45 41 


2 22 11 


1 46 7 


20 


1 57 58 


2 32 11 


2 49 24 


2 45 12 


2 21 7 


1 43 46 


21 


1 59 13 


2 33 6 


2 49 37 


2 44 41 


2 20 2 


1 42 24 


22 


2 82 


2 88 57 


3 49 48 


2 44 9 


2 18 56 


1 41 2 


23 


2 1 51 


2 34 48 


2 49 58 


2 43 86 


2 17 50 


1 39 39 


24 


2 8 9 


2 86 88 


2 50 6 


2 43 2 


2 16 48 


1 38 17 


25 


2 4 26 


2 36 26 


2 60 13 


2 42 26 


2 15 34 


1 36 54 


26 


2 5 43 


2 37 13 


2 50 19 


2 41 49 


2 14 25 


1 35 32 


27 


2 6 59 


2 37 59 


2 50 23 


2 41 11 


2 18 16 


1 34 9 


28 


a 8 15 


2 88 44 


2 50 26 


2 40 31 


2 12 6 


1 32 46 


29 


2 9 80 


2 89 28 


2 50 26 


2 39 50 


3 10 64 


1 31 28 


30 


2 10 43 


2 40 10 


2 60 25 


2 39 8 


2 9 42 


1 80 



, Google 



TABLE XLni. 



Eveciion. 
Aegument. Evection, corrected. 





TP 


Tn. 


TUP 1 IX- 


x- 


XP 


(p 


1°30' 0" 


0=50' 18" 


0'>20' 62" 


0° 9' 34" 


0=19' 50" 


0=49' 16" 




1 28 37 


49 6 


20 10 


9 34 


20 32 


60 30 


2 


1 27 14 


47 55 


19 29 


9 85 


21 16 


61 45 


3 


1 25 Gl 


4e 44 


18 49 




22 1 


63 1 




1 24 28 


45 34 


18 11 


9 41 


22 47 


54 17 


5 


1 23 6 


44 26 


17 S4 


9 47 


23 34 


55 33 


6 


1 21 43 


43 17 


16 58 


9 54 


24 22 


56 61 


7 


1 20 20 


42 10 


16 24 


10 2 


25 12 




8 


1 18 58 


41 4 


16 50 


10 12 


26 8 


69 28 


9 


1 17 86 


39 58 


15 19 


10 23 


26 55 


1 47 


10 


1 16 U 


38 53 


14 48 


10 86 


27 48 


12 7 


11 


1 14 52 


37 A9 


14 19 


10 50 


28 43 


1 8 27 


12 


1 13 31 


36 4e 


13 51 


11 5 


29 39 


1 4 48 


13 


1 12 10 


36 44 


13 26 


1! 23 


80 85 




14 


1 JO 49 


84 48 


13 


11 41 


31 38 


1 7 31 


15 


1 9 29 


33 43 


12 37 


12 1 


32 32 


1 8 58 


IG 


1 8 9 


32 44 


12 14 


12 23 


33 32 


1 10 16 


17 


1 6 49 


81 46 


11 54 


12 45 


84 34 


1 11 39 


18 


1 5 30 


ao 49 


11 34 


13 10 


36 36 


1 13 2 


19 


1 4 11 


29 53 


11 16 


18 85 


88 39 


1 14 26 


20 


1 2 62 


28 58 


U 


14 3 


87 43 


1 15 50 


21 


1 1 84 


28 5 


10 46 


14 31 


38 48 


1 17 14 


22 


1 17 


27 12 


10 31 


15 1 


89 56 


I 18 89 




59 


26 20 


10 19 


16 S3 


41 2 


1 20 3 


24 


57 44 


25 30 


10 8 


16 5 


42 10 


I 21 28 


25 


6e 28 


24 40 


9 69 


16 39 


43 19 


1 22 53 


26 


65 13 


23 52 


9 51 


17 15 


44 29 


I 24 18 


27 


63 58 


23 5 


9 45 


17 52 


16 39 


1 25 44 


28 


52 44 


22 20 


9 40 


18 30 


46 51 


1 27 9 


29 


61 31 


21 35 


9 se 


19 9 


48 3 


1 28 34 


80 


60 18 


20 52 


9 34 


IS 50 


49 16 


1 80 



, Google 



TABLE XLIT. 



EfjnatMn of Moon's Cmtre. 
Abgument. Anomaly, corrected. 



10 32 42 
10 38 27 
10 44 " 
10 49 43 



3 17 22 

5 24 17 
8 31 10 



10 2 49 
10 8 56 
10 14 69 
10 20 58 



12 44 38 
12 47 20 
12 4S 59 
12 52 30 

12 64 55 
12 67 12 
12 59 23 



11 21 S 
11 26 27 
11 31 20 



11 45 25 
11 49 51 
11 54 
11 58 85 



13 11 1 

13 12 34 
13 13 41 
13 14 41 
13 15 34 
13 16 20 



12 6 52 : 

. 12 10 50 : 

; 12 14 42 ■ 

12 18 28 



12 25 40 ■ 
12 29 
12 82 26 
12 85 8 



18 16 28 
18 16 U 
13 14 53 
13 13 53 

13 12 52 
13 11 41 
18 10 24 



!8 2 28 
13 27 
12 58 26 

12 56 18 
12 54 
12 51 45 



: 12 32 43 

I 12 29 

. 12 26 

i 12 28 10 

I 12 19 48 

1 12 16 



12 6 29 
12 1 41 
11 57 49 

11 53 52 

11 49 . 

11 45 44 

11 41 

11 87 17 

11 32 67 

11 28 8 

11 24 

11 19 32 

11 14 55 

11 10 14 
II 5 no 
11 41 
10 55 49 
10 50 53 

1 10 45 5 
■ 10 40 50 
i 10 35 48 
i 10 80 33 
10 25 2 

10 20 
10 14 45 
10 9 22 
10 3 57 
9 58 -Jf^ 



9 53 58 
9 47 2 
41 48 



9 18 18 

9 7 24 
9 1 32 



,v Google 



TABLE XLIY. 



Equation of Moon\ Centre. 
Argument. Anomaly, corrected. 





YI. 


VII. 


VIII. 


IX. 


X- 


XI. 


0" 


7= 0' 0" 


4° 1' SI" 


1048' 39" 


0''42' 26' 


l'>21' 16' 


3'=39' 2" 




6 53 49 


3 50 3 


1 40 12 


42 I 


1 24 22 


3 45 1 




6 47 S9 


3 50 S8 


1 36 50 


41 44 


1 27 36 


8 61 4 




6 41 28 


3 45 15 


1 33 84 


41 36 


1 30 54 


8 57 11 


4 


6 35 18 


3 39 56 


1 80 23 


41 32 


1 84 20 


4 3 22 


6 


6 29 8 


3 34 40 


1 27 17 


41 36 


1 87 53 


4 9 37 


6 


a 22 69 


8 29 26 


I 24 17 


41 46 


1 41 32 


4 15 55 


7 


6 16 50 


3 24 17 


1 21 22 


42 4 


1 45 18 


4 22 18 


6 


6 lU 42 


8 19 10 


1 18 33 


42 29 


1 49 10 


4 28 44 


9 


6 4 31 


3 14 7 


1 15 50 


43 1 


1 58 8 


4 35 13 


10 


5 58 28 


3 9 7 


1 13 12 


43 40 


1 67 13 


4 41 45 


11 


6 52 22 


3 4 11 


1 10 41 


44 26 


2 1 24 


4 48 21 


12 


5 46 17 


2 59 19 


1 8 15 


45 19 


2 5 42 


4 54 69 


13 


5 10 14 


2 54 30 


I 6 56 


46 n 


3 10 5 


5 I 40 


14 


5 34 12 


2 49 46 


1 3 42 


47 26 


2 14 85 


5 8 24 


15 


5 28 11 


2 46 5 


1 1 34 


48 40 


2 19 11 


5 16 10 


16 


6 22 11 


2 40 2S 


59 33 


50 1 


2 28 62 


5 21 59 


17 


5 16 13 


2 85 55 


57 37 


51 30 


2 28 89 


5 28 60 


IS 


5 10 16 


2 31 27 


56 48 


53 5 




5 85 48 


19 


5 4 21 


2 27 3 


54 e 


54 47 


2 S8 31 


5 42 37 


20 


4 58 28 


2 22 48 


5^ 29 


56 87 


2 43 35 


5 49 34 


31 


4 52 86 


2 18 27 


50 59 


68 83 


3 48 40 


5 56 32 




4 46 47 


2 14 16 


49 36 


1 n 37 


2 54 


6 8 81 




4 40 69 


2 10 10 


48 19 


1 2 48 


2 59 21 


6 10 32 


24 


4 35 14 




47 8 


15 5 


S 4 46 


6 17 34 


25 


4 29 31 


2 2 11 


40 4 


1 7 30 


3 10 17 


6 24 87 


26 


4 28 50 


1 68 19 


45 7 


1 10 1 


3 15 52 


6 31 41 


27 


4 18 II 


1 54 81 


41 16 


1 12 40 


3 21 33 


6 38 46 


28 


4 12 35 


1 50 49 


43 32 


1 15 25 


3 27 18 


6 45 50 




4 7 2 


1 47 11 


42 65 


1 18 17 


8 33 8 


62 55 


SO 


4 1 31 


1 43 39 


42 26 


1 21 16 


3 39 2 


7 



, Google 



TABLE XLY. Yariation. 
Argument. Variation, corrected. 








I 


II. 


HI- 


H- 


y. 


0' 


0°38 


1° 8 1 


1" 6 f8 


0=85 54 


O" 


5 .9 


0° b 2 


1 


39 13 


1 8 35 


1 18 


34 40 





4 54 


6 42 




Q 40 2b 


1 9 7 


1 5 36 


38 27 





4 21 


T 24 




4] 19 




1 4 52 


32 13 





8 61 


8 8 


4 


42 52 


1 10 8 


1 4 6 


31 





« 22 


8 55 


5 


44 4 


1 10 28 


i 3 17 


.9 47 





2 66 


9 44 


6 


i-S Ifi 


1 10 50 


1 2 27 


28 34 





2 83 


10 34 


7 


n 4b 2b 


1 11 9 


1 1 8t> 


0.7 -2 





2 1' 


11 27 


8 


47 -8 


1 11 26 


1 42 


_fi 11 





1 54 


1' 2- 


9 


48 48 


1 1! 41 


59 4f 


25 1 




1 38 


13 19 


10 


4P a7 


1 11 58 


U8 4') 


_8 61 





1 24 


14 17 


11 


51 e 


1 12 i 


67 60 


22 42 





1 14 


16 1- 


U 


62 13 


1 12 9 


66 60 


21 84 





1 6 


16 19 


13 


53 19 


1 1. 13 


55 48 


20 28 





1 


17 22 


14 


54 24 


1 12 15 


54 46 


19 2„ 





67 


18 27 


15 


U 65 27 


1 12 14 


53 41 


18 18 





57 


19 38 


16 


50 JO 


1 12 10 


62 35 


1- 16 





60 


20 41 


IT 


6" 81 


1 12 4 


61 28 


10 13 





1 4 


21 50 


18 


59 30 


1 11 55 


50 21 


1) U 





1 11 


23 


19 


5'^ 28 


1 11 44 


4J 12 


14 15 







24 11 


20 


1 0„4 


1 11 30 


48 . 


13 17 





1 34 


25 2S 


21 


1 1 19 


1 11 14 


46 6^ 


12 22 





1 50 


26 86 


22 


1 2 11 


1 10 f5 


4j 40 


U 11 28 





2 8 


27 50 




13 2 


1 10 34 


44 2! 


10 37 





_ 28 


29 4 


24 


1 3 51 


1 10 10 


43 If 


9 47 





2 al 


U „0 .0 


25 


1 i 8S 


1 9 44 


42 3 


8 f9 





S 17 


81 86 


26 


1 5 28 


1 9 15 


40 50 


S 13 





3 45 


32 52 


27 


1 6 6 


1 & 44 


89 it. 


7-9 





4 16 


14 9 


28 


1 6 47 


1 8 11 


38 22 


6 47 





4 48 


86 26 


29 


1 " 25 


1 7 ^b 


37 8 


b 7 





t 24 


3b 48 


30 


1 8 1 


1 6 58 


85 54 


5 29 







38 



TABLE XLVI. HeducHm. 
Abgoment. Supplement of Node -j- Moon's Orb, Long. 





» VI' 


1. VII. 


11. V1II» 


HI. IX' 


IV. X. 


y XI. 


0" 




0" 


V 


?." 


r 3" 




0" 


12' 57" 


12' 67" 






4b 


II 


66 


1 10 




u 


13 4 


12 60 






31 


11 


49 


1 18 






IS 10 


12 42 


3 




IV 


II 


43 






43 


13 17 


12 33 


4 


6 


3 







1 35 




hV 




12 25 


5 


5 


4a 


u 


33 


1 44 


8 


12 


13 27 


12 16 


« 


6 


34 





?B 


1 54 


8 


Sfi 


13 32 


12 6 


7 


6 


■'II 





?4 




H 


40 


13 36 


11 56 






6 


II 


W 


2 14 




64 


IS 40 


11 46 













2 24 




7 


13 43 


11 36 


10 




39 





14 


2 35 


9 


21 


18 46 


n 25 






•"R 





n 


2 46 


q 


34 


13 48 


11 14 


V/. 


4 


IV, 





w 


2 58 




4S 


13 50 


11 2 


13 


3 


5!) 







3 9 


III 


1 


18 61 


10 50 


14 


3 


4K 


1' 






111 


13 




10 38 


15 


3 


34 





« 


3 34 


iO 


2b 


13 52 


10 26 



iio>i„)i,i^.oogle 



TABLE XLV. Variation. 
Argumekt. Tariation, correotod. 





VI. 1 VII' 


vm. 


IX 


_^^' .._ 


XI. 


0° 


CSS' 0" 


1" 9' 68" 


I-IO' 80" 


0=40' 6" 


0" 


9' 2' 


0° T 68" 


1 


39 17 


1 10 36 


1 9 53 


38 52 





8 24 


8 38 


2 


40 U 


1 11 11 


1 9 18 


87 88 





7 49 


9 18 




41 51 


1 11 44 


I 8 31 


36 24 





7 15 


9 64 


i 


43 8 


1 12 16 


1 7 47 


36 10 





6 46 


10 87 


6 


4i 24 


1 12 43 


1 7 1 


33 57 





6 16 


11 22 





46 40 


1 13 9 


1 13 


32 44 





5 60 


12 9 


7 


4e 55 


1 13 32 


1 5 23 


31 31 





5 26 


12 58 


8 


48 10 


1 18 62 


1 4 81 


30 39 





5 6 


13 49 


9 


49 24 


1 14 10 









4 46 


14 41 


10 


50 37 


1 14 26 


1 2 42 


27 58 





4 29 


16 86 


11 


61 49 


I !4 38 


1 1 45 


26 48 





4 16 


16 82 


12 


53 


I 14 48 


1 47 


25 39 





4 4 


17 30 


13 


64 10 


I 14 56 


59 47 


24 81 





3 56 


18 29 


14 


65 19 


1 16 1 


58 46 


23 26 





8 60 


19 80 


15 


66 27 


1 16 8 


57 42 


22 19 





3 46 


20 32 


16 


67 33 


1 15 3 


66 38 


21 15 





8 45 


21 36 


17 


68 38 


1 15 


55 32 


20 12 





3 47 


22 41 


18 


69 41 


1 14 64 


64 25 


19 10 




3 51 


23 47 


19 


1 43 


1 14 48 


63 18 


18 10 





8 58 


24 84 


20 


1 1 48 


1 14 S5 


62 9 


17 1] 





4 7 


26 8 


21 


1 2 41 


1 14 22 


60 59 


16 14 





4 19 


27 12 


23 


1 3 88 


1 14 6 


49 49 


15 18 





4 34 


28 22 




1 4 33 


1 13 48 


48 38 


14 28 





4 51 




24 


1 6 25 


1 13 27 


47 26 


13 33 





6 10 


30 44 


26 


1 6 16 


1 13 3 


46 13 


12 43 





5 82 


81 55 


26 


1 T 5 


1 12 38 


45 


11 54 





6 57 


83 8 


27 


1 7 52 


1 12 9 


43 47 


11 8 





6 23 


84 20 


28 


1 8 8fi 


I 11 89 


4-i 33 


10 24 





6 53 


35 33 




1 9 13 


1 11 U 


41 20 


9 42 





7 24 


86 47 


30 


1 9 58 


1 10 30 


40 6 


9 2 





7 58 


88 



TABLE XLTI. Eeduetim. 
AaGTJMENT. Supplement of Node -|- Moon's Orb. Long. 





0. VI. 


I. VII. 


II. vni- 


iri' IX. 


IV. X' 


V. 


XI. 


15° 


8' 34" 


0' 


H" 


8' 


84" 


10' 26" 


13' 52 


10 


flfi" 











3 


4H 


10 38 


18 52 


Ml 


13 















10 50 


13 51 


10 




tH 


2 66 





111 


4 


12 


11 2 


13 50 


H 


48 


IH 


2 46 


n 


12 


4 


26 


n 14 


18 48 


9 


84 


20 


2 35 





14 


4 


39 


11 25 


13 46 


y 


21 


n 


2 24 





17 


4 


58 


n 86 


18 43 


9 


7 


»:/. 


2 14 





•/.i\ 


6 


6 


11 46 


13 40 




54 


•m 


2 3 





•'A 


6 


yii 


11 66 


13 86 


H 


40 


•n 


1 54 






5 


34 


12 6 


13 32 


H 


''6 


25 


1 44 





88 


5 


48 


12 16 


13 27 


8 


12 








38 




3 


12 25 


13 22 


7 


67 


fl7 


1 26 





48 


« 


17 


12 33 


13 17 


7 


43 


2H 


1 18 





49 


6 


31 


12 42 


18 10 


7 


■^9 


m 


1 10 


(1 


h(i 




4li 


12 50 


13 4 


7 


14 


30 




1 


3 


V 





12 57 


12 57 


7 






iio>i„)i,i^.oogle 



TABLE XLVIL 



Moon's Distance fiom theMrrth Pole of the Ecliptic. 
Aeoument. Suppl. of Node -\- Moon's Orbit Longitude. 



84 40 58 
4 41 34 
4 42 17 
84 43 5 
84 43 58 

84 44 QT 
84 46 
84 47 12 
84 48 27 
84 49 49 

4 51 16 

5 G2 47 
84 54 2 
84 56 

84 57 56 



85 29 10 
85 32 9 
85 35 12 

85 38 20 
85 41 83 
85 44 50 



84 e 



87013M7" 
87 18 28 
87 23 12 
87 27 5" 
87 32 48 
87 87 89 

87 42 S 
87 47 a 
87 62 28 
87 57 29 



8 7 36 

8 :2 42 

8 17 50 

8 23 



i 43 63 
S 49 10 
B 54 27 



49 



85 10 35 
85 12 69 
85 15 29 
85 18 



" 92''22' 18" 
92 26 52 
92 81 27 



I 18 10 
1 23 18 
1 28 24 



1 43 32 
1 48 BO 
1 63 27 



94=15 17 
94 17 57 
94 20 8 
94 28 



i 6 18 

S 10 24 
i 14 27 
3 18 25 
S 22 20 
93 26 10 

93 29 57 



64 32 8 
94 34 12 
94 3b 11 



3 44 23 

3 47 49 

93 5! 10 
54 27 
57 40 

48 

94 3 51 
94 6 50 
94 9 44 
94 12 33 
94 15 17 



94 8 

94 39 52 
94 41 3 
94 43 1 
94 44 46 
94 40 11 

94 47 3 
94 48 48 
94 49 58 
94 51 
94 52 

94 52 55 
94 53 4 
94 54 2 
94 65 
94 55 3 

94 65 59 
94 56 18 
94 66 83 
94 56 41 
94 56 4 



,v Google 



TABLE XLVni. 

Equation II. o/Ae Morm's Hilar Distant 

Aroumbut n., corrected. 





III- 


IV 


T- 


Vl' 


VIP 


^iii» 




0" 


014" 


1'24" 


4' 87" 


9' 0" 


18' 28" 


16' 36" 


30= 


1 


U 14 


129 


4 45 


9 9 


13 SI 


16 40 


29 




OH 


1 84 




9 18 


13 39 


16 46 


28 




14 


1 39 


5 1 


9 27 


13 47 


1G49 


27 




15 


144 


5 9 


9 37 


18 64 


16 53 


26 


5 


Olfi 


149 


5 IS 


9 46 


14 2 


16 57 


25 


6 


17 


1 54 


6 26 


9 55 


14 9 


17 1 


24 


7 


18 


2 


6 34 


10 4 


1417 


17 4 


23 




19 


2 6 


5 48 


10 13 


14 24 


17 8 


22 


9 


20 


2 11 


6 51 


10 22 


14 31 


17 11 


21 


10 


022 


217 


6 


10 31 


14 38 


17 14 


20 


11 


23 


2 23 


6 6 


10 40 


14 45 


17 17 


19 


12 


25 


2 29 


617 


10 49 


14 62 


17 20 


18 


13 


27 


2 35 


6 26 


10 58 


14 59 


17 28 


17 


14 


29 


2 41 


6 35 


11 7 


16 5 






15 


32 


2 48 


6 44 


11 16 


15 12 


17 28 


15 


16 


34 


2 54 


6 53 


1126 


15 18 


17 81 


14 


17 


87 


3 1 


7 2 


1134 


16 26 


17 33 


13 


18 


40 


3 8 


7 11 


1143 


15 31 


17 86 


12 


19 


42 


8 15 


7 20 


1161 


16 87 


17 36 




20 


46 


8 22 


7 29 


12 


15 43 


17 38 


10 


21 


40 


3 29 


7 88 


12 9 


15 49 


17 40 


9 


22 






7 47 


12 17 


15 65 


17 41 


8 


23 


56 


3 43 


7 56 


12 26 


10 


17 42 


7 


24 


59 


8 61 


8 6 


12 34 


16 6 


17 48 




25 


1 3 


3 58 


8 14 


12 42 


1611 


17 44 


5 


26 


1 7 


4 6 


8 28 


12 51 


16 16 


17 46 


4 


27 


1 11 
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